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of Fruits and Vegetables 
Engineers Devise Improvements in 
Bulk Milk Production 
Flood Prevention Made Possible by 
Watershed Planning Programs 
Engineering Study of Heat and Moisture 
Production of Laying Hens 
Roofing Materials Affect Summer Tempera- 
tures in Farm Buildings 
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It conserves farmers’ time and energy, promoting better 
soil and water management. With Case Eagle Hitch 
Tractors and matching mounted implements it takes but 
a minute to hitch up right from the tractor seat; takes but 
a moment to adjust working depth. Break-Away Contour 
Plow (above) turns uniform, even-width furrows on con- 
tour curves—makes contour plowing more practical. It 
uncouples, undamaged, when it hits stump or stone. Lifted 
by hydraulic power, it skips over waterways without 
scratching sod. Other Case Eagle Hitch Implements are 
equally advanced in concept and function. 


Eagle Hitch Implements include this lift- 
type springtooth harrow. At a touch of the 
hydraulic control it shakes out trash or lifts 
clear to travel without contact. Ask for Eagle 
Hitch Implement Catalog—also for “Visual 
Aids to Modern Farming.” It catalogs 60 films, 
charts, and other educational items—all avail- 
able to instructors, classes or groups by request 
through any Case dealer or branch house. 


J. I. Case Co., Racine, Wis. 
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Series M2-300 Vickers Hydrau- 
lic Motors made in three sizes 
with 3 styles of mountings. 


Series M2-200 Vickers Hydrau- 
lic Motors made in two sizes 
with 2 styles of mountings. 


Series M2-400 Vickers Hydraulic. - 
Motors made in two sizes with 
3 styles of mountings. 


Now in production are two more series of Vickers 
Balanced Vane Type Hydraulic Motors. They are now 
available in nine sizes and have normal horsepower 
ratings to 28.5 hp. Among the important features of 
these simple and rugged hydraulic motors are: (1) more 
horsepower for less money, (2) hydraulic balance for 
longer life and less maintenance, (3) automatic wear 
compensation, (4) dynamic balance and quiet opera- 
tion, (5) exclusive “rocking beam” construction. Get in 
touch with your nearest Vickers Application Engineering 
office for further information; ask for new Bulletin M-5103. 


WICKER: Incorporated 


DIVISION OF THE SPERRY CORPORATION 


1516 OCAKMAN BLVD. ¢ DETROIT 32, MICH. 
Application Engineering Offices: ATLANTA «+ CHICAGO (Metropolitan) 
CINCINNATI « CLEVELAND « DETROIT *« HOUSTON « LOS ANGELES 
(Metropolitan) « NEW YORK (Metropolitan) « PHILADELPHIA (Metropolitan) 
PITTSBURGH «+ ROCHESTER + ROCKFORD «+ SEATTLE e« TULSA 
WASHINGTON e« WORCESTER 


Series M2-500 Vickers Hydraulic ™ 
Motors made in two sizes with 2 Write for NEW Bulletin M- 5103 ic. 


styles of mountings. — LAS 
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BLOOD BROTHERS Universal 
PRODUCT Joints now used by leading 
implement manufacturers: 


Series 


Combines 

Corn Pickers 
Corn Snappers 
Cotton Pickers 
Diskers & Seeders 
Dusters 

Elevators 
Ensilage Blowers 
Feed Grinders 
Forage Harvesters 
Grain Binders 
Hammer Mills 
Hay Balers 

Hay Rakes 


Manure Spreaders 
Mowers 


Post Hole Diggers 
Potato Diggers 
Rotary Weeders 
Shredders 
Shellers 
Snow Plows 


Sprayers 


Swathers 
Tractors 


Wagon Unloaders 


Windrowers 


Need specific information? Blood Brothers will promptly 
supply details on these joints—or others suitable for construc- 
tion equipment, trucks and buses, industrial machinery and 
marine applications. Our engineering staff—backed by 43 
years’ experience — will gladly assist you. 


With Safety Clutch {FR Series Assembly 
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If you’re building 
implements like these, 
BLOOD BROTHERS 


offers great advantages 


BLOOD BROTHERS machine co. ALLEGAN, MICHIGAN 


Te ee UNIVERSAL JOINTS AND ORIVE LINE ASSEMBLIES ——————————-= 


A Division of Standard Steel Spring Co. «© Chicago Office: 122 S. Michigan 


at Tractor Speeds 
of 550 rpm. 


H orsepower 


You can get joints alone or 
assembled with fixed or slip 
joint shafts... with or without 
integral safety shields, safety 
clutch, clamp yokes ...or with 


the popular, salable quick- 
detachable yokes, 


w—— (St S———” @ Wo, 


PTO Slip . With Integral 
th Testes Safety Shields Detachable 


TORQUE CAPACITIES 
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"Reader, of thou-seckest his monument, look aroun?) INSCKIPTION ON SIR CHRISTOPHER WREN'S TOMB IN ST. PAUL'S CATHEDRAL 


b ; (f¢ From the ashes of the Great Fire in 1666 emerged 

pee Sir Christopher Wren’s masterpiece—St. Paul's Cathedral— 
with its soaring central dome “rising from the mists of London, 
like an Alpine peak”. * In designing the dome, Wren 

solved with amazing simplicity one of the most difficult 
structural problems in architecture—how to support 

a great central dome without using excessively heavy 

and constricting crossing piers. % This same simplicity, 
combined with unusual structural engineering knowledge, 
enabled Wren to produce diverse effects in his many 


buildings without expensive elaboration. 


Whether hidden from sight doing a functional job, 

or exposed to view just looking pretty, 

Van Huffel metal shapes and tubing simplify 

a lot of today’s building problems. 

* Architects, designers and engineers know 

they can incorporate in their designs strength without 
excessive weight... economy without sacrificing quality 
... and simplicity without complicated assembly. 

That's why they are continually thinking up new uses. 
That, too, is why they keep coming to Van Huffel 


—where ideas take shape—in metal. 


WELDED . LOCK SEAM - OPEN SEAM - BUTTED TUBING = 


= 


+ METAL SHAPES - MOULDINGS 
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REUSABLE COUPLING FOR TYPE QW HOSE 


for original equipment and fast field-repair 
— medium- and low-pressure service 


Prevents leaks and blow-offs — exclusive patented grip gives extra 
safety, extra dependability, long life under severe service conditions. 


Expensive downtime eliminated — repairs made immediately on the 
job without special tools, 


Easy to assemble — vise, oilcan, and wrench are the only tools needed 
to assemble couplings and hose. 


Reduces hose assembly inventory — carry one coil in hoze sizes you 
use, and cut to lengths you need when you need them, 


Can be used over and over, 


Ample flow capacity. 0-15 


Anchor Coupling Co. Inc. 
Dept. AE33, Libertyville, Illinois 
I'd like to know more obout 
[J Anchor Reusable Couplings for type QW hose 
[] New Anchor Split-ilonge clarp-type coupling 
Send me details. 


Find out how Anchor reusable couplings for 
type OW hose save time, trouble, money. Attach 
coupon to your letterhead and mail today. 


Name... 


ANCHOR COUPLING CO. INC. > 


Main Office and Factory: LIBERTYVILLE, ILLINOIS 
FACTORY BRANCHES: DETROIT, MICHIGAN © DALLAS, TEXAS 


Company Nome 


Company Address... 


Ee ee Risiesesad ) State 
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When you make your chain selections from the com- 
plete Chain Belt line, your choice is virtually unlimited. 
Because the line is complete, there is sure to be the 
exact chain available that will most efficiently and eco- 
nomically perform the required function. Your job is 
to be certain you make the best possible choice. For 
example: 

Perhaps you have been using a finished roller chain, 
yet speed and load conditions are such that a cast chain 
or an economical Baldwin-Rex” Double Pitch Roller 
Chain will do the job equally well at lower cost. 

Then again, you may be using a cast detachable 


chain under conditions where a Rex® Steel Detach- 
able Chain can perform the same function for less. It 
may be that you are having trouble with a timing ap- 
plication. Here, only finished steel roller chain will 
answer the need. 

Your Rex Field Sales Engineer is specially trained to 
help you make the one best selection from our com- 
plete chain line. He is happy to consult with you con- 
cerning your application problems. He may be able 
to help you make substantial savings. Call or write 
your nearest Field Sales Office. 


ATLANTA © BALTIMORE * BIRMINGHAM * BOSTON 
BUFFALO * CHICAGO * CINCINNATI * CLEVELAND 
DALLAS * DENVER * DETROIT * EL PASO 
HOUSTON « INDIANAPOLIS * JACKSONVILLE 
KANSAS CITY * LOS ANGELES * LOUISVILLE 


Distributors located in principal! cities in the United States and throughout the world. 
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FREE BOOKLETS AVAILABLE 


A variety of useful literature is available to help you 
“make the most of it” in your chain selections. Some 
of the most popular items are listed here. Just check 
off those you want and mail the coupon. There’s no 
obligation. 


1. CARE AND MAINTENANCE OF CHAINS 
Suggestions on how to get better service with less maintenance from your 
conveyor and drive chains. 


2. BALDWIN-REX STOCK ROLLER CHAINS 

Complete specifications, prices and descriptions of Baldwin-Rex Roller 
Chains, Couplings and Sprockets. 

3. REX AND BALDWIN-REX CONVEYOR CHAINS AND 
ATTACHMENTS 

Describes and illustrates various types of conveyors that can be con- 
structed from our complete line of chains and attachments. 

4. BALDWIN-REX CHAIN VISES 

The story on the new Baldwin-Rex Chain Vise which makes cutting roller 
chain quick and easy. 

5. REX STEEL DETACHABLE CHAINS 


Story and specifications on this popular low-priced detachable chain as 
applied particularly to farm equipment. 


ee company 
OF MILWAUKEE 


MIDLAND, TEXAS * MILWAUKEE * MINNEAPOLIS 
NEW YORK °¢ PHILADELPHIA ¢ PITTSBURGH 
PORTLAND, OREGON °¢ _— SPRINGFIELD, MASS. 
ST. LOUIS * SALT LAKE CITY * SAN FRANCISCO 
SEATTLE * TULSA * WORCESTER 


Export Offices: Milwaukee, and 19 Rector St., New York, New York 
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|,../Make The Most Of It! 


6. UNUSUAL APPLICATION OF ROLLER CHAIN 
28 pages of photos, blueprints and stories showing unusual, money- 
saving uses of roller chain. 


7. REX Z-METAL CHAINS 
A description of Rex Chain cast of Rex Z-Metal—approximately 25% 
stronger than the highest quality malleable iron. 


8. BALDWIN-REX DOUBLE-PITCH ROLLER CHAINS 
Facts on how you can cut costs and reduce weight by specifying Baldwin- 
Rex Double Pitch Roller Chain. 


9. REX STOCK SPROCKETS 
Rex Sprockets, carried in warehouse stock for over the- 
counter sale, cataloged by chain type and size. 
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Chain Belt Company 
4680 W. Greenfield Ave. 
Milwaukee 1, Wis. 
Gentlemen: 


1.0 2.0 30 40 5060 7.0 8.0 9.0 


Please send me the items checked above. 


52-100 
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Economical pulley-bearing combination 


cuts assembly time and service problems 


This revolutionary BCA package unit originally was designed as a chain- 
tightener on hay balers. It is adaptable to many agricultural applications 
including combines, forage harvesters, grain elevators, corn pickers and 
cotton pickers. The design of sheaves can be varied for use with flat 
belts, V-belts, or chains. 


Installation problems are simplified because BCA Idler Pulley Assemblies 
provide both a pulley and a bearing in a single unit. The bearing requires 
no additional lubrication and is effectively sealed against dust and grit. 
The simple, rugged construction of the unit eliminates entirely field-servicing. 


This is an example of how BCA engineering cooperation and design 
assistance helps solve problems involving ball bearings. It will be to your 
advantage to bring your problems to us. 
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Copies available in 


MAlL THE COUPON TODAY! 


You will receive a sample copy of this new guide. If, after examin- 
ing it, you would like additional copies for educational programs, 
they will be supplied without charge. Ask your fence or lumber 
dealer for information about pressure-creosoted wood posts. If 
he does not have them in stock, have ‘kim write us. We’ll put 
him in touch with suppliers. 


quantity for your use 


ells approved methods 
of fence construction 


@ Here’s the information farmers need to put up 


fences that are real assets to their farms and to 
their farming operations. It’s a new illustrated 
guide that describes in detail approved methods 
of fence construction using pressure-creosoted 
wood posts as recommended by leading agricul- 
tural authorities. 


fencing on contours. . 


It contains the answers to such problems as 
. corner construction . . . 


and fence stretching. It also tells of the value of 
fence as an aid to efficient farm production. 


By following the methods recommended in this 


guide, fence will give years’ longer service; and 
when wood posts are used, they will last much 
longer if pressure-creosoted with U’S’S Creosote 
Oil. U'S‘S Creosote Oil — a product of United 
States Steel — is used by many leading pressure- 
treating plants. You know that a quality prod- 
uct has been used when posts are pressure- 
creosoted with U-S:‘S Creosote Oil. 


Pressure-creosoted posts are 


the most economical wood posts 


Pressure-creosoted posts are the manufactured prod- 
ucts of modern pressure-treating plants. The right 
amount of Creosote Oil is forced into the wood to 
protect it against termites, fungi and dry rot. The 
posts last longer and farmers save money three ways: 


1 


Save on labor—Every post replacement thus 


® avoided saves time for productive jobs. And 


pressure-creosoted posts are straight, smooth 


and easy to set. 


Save on replacements — Instead of having to 


® replace untreated posts many times over a period 


of years, one pressure-creosoted post will do the 


job. 


Save on fence— Down fence often means ruined 


posts help prevent this loss. 


® fence and early replacement. Pressure-creosoted 


 sthatiennstienestientionertonestionasinestonetionstonetinestionstanstomstaestensontanntamtamtentan | 


Agricultural Extension Section, 

United States Steel Corporation 

Room 2809-X, 525 William Penn Place, 
Pittsburgh 30, Pa. 


0 Please send me your new guide, ‘Fences 
That Pay.” 

0 Also, I would like to know the name of my 
nearest pressure-creosoted fence post dealer. 
No obligation, of course. 


Name 
Address 4 Town 
County State 
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bahay. y ° 
ig Allis-Chalmers Model D 
yee the low-cost motor grader 
with TANDEM DRIVE 
and other 
big grader features 


7 


Weight — 8,500 Ib. 
Tubular Frame 
ROLL-AWAY Moldboard 
Power Hydraulic Controls 
Rear-Engine Design 
High Arch-Type Front Axle 
Drop-Down Transmission 
Full Visibility 


Tie new Allis- 
Chalmers Model D Motor Grader gives the kind 
of earth-moving advantages that only a full- 
fledged, tandem drive motor grader can give — 
and brings this performance within easy reach of 
limited budgets. Rolls big loads fast, makes 
smooth water channels and terrace ridges, ma- 
neuvers easily, travels quickly from one job to 
another, yet it costs only 1/3 as much as large 
motor graders! 


ee he . 


Oe saga ia 


This grader also builds and maintains farm 
roads, handles ditching and sloping . . . with 
bucket attachment, loads material. And it’s eco- 
nomical to maintain as well as to own. Any 
mechanic can service the 34.7 hp. gasoline engine. 
Parts are carried by all A-C tractor dealers. 


Write for free catalogs or ask your Allis- 
Chalmers industrial tractor dealer to show you 
how the Model D can stretch conservation and 
road maintenance dollars. 


Level it, slope it, ditch it, pile it — 
or load it. When it comes to mov- 
ing dirt at low cost, the Model D is 
your machine. Rear-mounted hy- 
draulic shovel with 5 cu. yd. buck- 
et adds still further to its useful- 
ness. Saves time, men and equip- 
ment on loading and stockpiling 
jobs ... ideal for filling small gul- 
lies and ditches on terracing work. 


Roli-Away is an Allis-Chalmers trademork. 
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Announcing...new 92-page 
Screw Conveyor Reference Book 


Get this complete, easy-to-use engineering and purchasing guide 


Selection Data 
and Hp Formulas 


Dimensional Data and 


Component Part Numbers 


Application and 
Installation Data 


CLIP THIS COUPON 
AND MAIL TODAY 


Here’s the most comprehensive book yet published on 
screw conveyors and their components. Link-Belt screw 


conveyors elevate, mix, feed, spread, collect, distribute i ey earls: 

and convey a wide variety of materials — you'll find the LE See COMPANY 8 
poor ccna er ‘ i caged ; bes <a y © § = -2410 W. 18th Street, Chicago 8, Ilinois ‘ 
answers in Link-Belts gomplete line. i (or your nearest Link-Belt office ) : 
t Please send me 7 copy of the new 92-page Link-Belt Screw $ 
SD, ' Conveyor Book 2289. ‘ 
i q N K-« % | EE OR TT ES ET TRE ee ea eee LT t 
——4 i NI tcc creck ane sip ii ces we we a we ew we ee le t 
SCREW CONVEYORS - << ERT IR aS eR ae eae RIE ei 8 
ey ON a 5 i Kats as bWEES REM SN Ohi Rwehsdeee eee 8 
LINK-BELT COMPANY: Plants: Chicago, Indianapolis, Philadelphia, & 

Colmar, Pa., Atlanta. Houston, Minneapolis, San_ Francisco, Los i Pa cd esas ye <ouseoanars Jone. ae ee 
Angeles, Seattle, Toronto, Springs (South Africa), Sydney (Australia). H) 
Sales Offices, Factory Branch Stores aud Distributors in Principal Cities. bees ewe ee eee ee eB ee ee eee eee ee 
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CATERPILLAR DEALER AND S.C.S. TECHNICIAN 
SHOW FARMERS HOW TO BUILD 


The problem on this drought-stricken chisels, subsoilers and bulldozer, The 
pasture was water runoff, An estimated packed pasture was Subsoiled on the 
15% slope Pitched down to a small contour to open up the ground, The 
creek, combined with cattle-packed, Cat D? Tractor pulled a 10’ Rome Plow 
short-cropped Brass, permitted practi- through the land, chopping and tearing 
cally all normal fal} rain to escape. to a depth of 8” or more. From the pic- 
Cattle-carrying Capacity was low. ture, it is plain to see that the soil is left 
Cooperating with the local S.C.§ tech- in a condition to hold water, This land 
nician and Extension Service Farm Ad- wil mellow over winter, and in spring, 
viser, this Caterpillar Dealer furnished fertilizer will be drilled in and the 
the equipment and men for a Better Pasture seeded to a brome-alfalfa mix. 
Land Use Program, Tools demonstrated ture. It was estimated that this Better 
included a Caterpillar D2 anda D4 Land Use Program would double the 
Diesel Tractor, with Cat Tool Bar with carrying Capacity of the Pasture. 


-how 
or on your farm. See him today, 


CATERPILLAR TRACTOR co, , ILLINOIS 


----CATERPILLAR — «| 


EG. U.S. Par. ore 


Viasal fara fraetors 


DIESEL ENGINES - TRACTORS + MOTOR GRADERS 
EARTHMOVING EQUIPMENT 
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Relter Links sar ke suppiled 


with bent plate on one side 
oF beth sides, 


Relier Link with straight As 
tachment Lini Piste on one 
tide. Also furnished with 
plates both sides, 


Similer te abeve but chain 
has large Rellers to roll on 
flat surfaces. 


. $i 
Write for 
Bulletin 29 


Projecting pins con be 
spaced as desired. This 
illustration shows chains 
with large rollers. 


Conveyor Chain 
equipped with ‘large rollers 
for operation over flat surfaces. 


Bent attachment links 

are highly adaptable as 

a fastening base for most 

any conveying or timing device. 

Chains with straight attachment links 
are also included in this series. 


That t Improve A mchinery Performance 


* 


@ Diamond Conveyor Chains are manufactured to the same high standards 
as Diamond Roller Chains. Uniformity of quality—high tensile strengths— 
and the wear-resisting properties of the hardened pin bushings and rollers 
result in longer-life performance, and steady maximum output. 

A wide selection of pitches, chain designs, and attachments are available 
for materials handling operations—packaging, boxing, labeling, wrapping 
—and for timing and control mechanisms. 

Conveyor Chains & Sprocket Bulletin 29, gives complete information, 
illustrations and useful data. Copy will be mailed on request. 

DIAMOND CHAIN COMPANY, Inc., Dept. 616, 402 Kentucky Avenue, 
Indianapolis 7, Indiana. 


Offices and Distributors in All Principal Cities 


Refer to the classified section of your local 
telephone directory under the heading CHAINS or CHAINS-ROLLER 
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solves slippage problems on Lundell 
combination shredder and hay chopper 


And more than that — these better-gripping V-Belts 
actually reduced belt costs by 40%! 


Positive V-Belt traction was a must on 
this Lundell Combination Shredder and 
Hay Chopper, for slippage not only means 
loss of field efficiency, but also causes pre- 
mature belt wear leading to breakdowns 


Fe 


Fa! 


a et 
ee 


during the busy hay cutting seasons. 

Dayton agricultural engineers believed 
the problem could be solved by providing 
a V-Belt drive whose coefficient of friction 
resulted from rubber-to-metal contact— 


Photos Courtesy Lundell Manufacturing Company 
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a construction design used previously by 
Dayton to solve fan and generator drive 
problems in the automotive field. 

Lundell tried these raw-edge Dayton 
V-Belts on the drive — and the slippage 
problem was ended. Dayton V-Belts are 
now used on every Lundell Combination 
Shredder and Hay Chopper. 

For details on how the exclusive Dayton 
engineered V-Belts provide greater grip- 
ping power, call or write The Dayton 
Rubber Company, Agricultural Original 
Equipment Division, 1009 W. Washing- 
ton Blvd., Chicago, Illinois. 


ns 


This typical die-cut raw-edge Dayton V-Belt 
provides rubber-to-metal contact with the pulley 
groove, often an important consideration in 
V-Belt drive design. Dayton has many types 
and kinds of V-Belts, each engineered to meet 
specific drive requirements. 


Dayton ih 


Above—This efficient, compact Lundell Combi- 
nation Shredder and Hay Chopper uses Dayton 
raw-edge V-Belts to transmit power from the 
power take-off shaft, to operate the chopping 
and shredding hammers, and to operate the 
auger feed to the blower. 


Since 1905 


Agricultural Sales Engineers in Chicago, Dayton, Davenport, San Francisco, Cincinnati, and St. Louis 
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We don’t deny that a lot of it 
was expected—the enthusiasm that 
greeted the introduction of the new 
John Deere “40"’ Series Tractors. 


After years spent in engineering, 
building, and testing, we knew we 
had a series of new tractors that 
would catch the eye and win the 
nod of dealers and farmers through- 
out the country. But we hardly 
expected the great acclaim that 
actually has greeted the ‘‘40’s.”’ 


And it’s been the same everywhere 
—a spontaneous, enthusiastic re- 
ception that has made all who had 
anything to do with building these 
new tractors feel good ’way down 
inside— that offers continued testi- 
mony to an age-old John Deere ax- 
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iom, first uttered by John Deere him- 
self when he said, “I will not put my 
name on an implement that hasn’t 
in it the best that’s in me.’’ 


So we are taking a little time out 
here to say, “Thanks.” Thanks to 
the John Deere dealers who dem- 
onstrated this enthusiasm at in- 
troductory meetings at Oklahoma 
City, Okla., Columbia, S. C., Bakers- 
fieid, Calif., Moline, Ill., Min- 
neapolis, Minn., Portland, Ore., 
Spokane, Wash., and other points— 
thanks to the thousands of farmers 
throughout the country for their 
generous acclaim—and, finally, 
thanks to everyone... for the grand 
reception accorded these great new 
John Deere “40” Series Tractors. 


JOHN 


Moline, 


DEERE 
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Transmit More Power—In Less 
Space—At Greater Angles 


MECHANICS Roller Bearing joints. Let MECHANICS engineers 
UNIVERSAL JOINTS excell for help give your machines competi- 
both main drives and controls — in _ tive advantages. 

all kinds of material handling trucks. 


Have transmission flanges for any 


MECHANICS 
type of brake drum. Easy to UNIVERSAL JOINT 
service — MECHANICS Close- DIVISION 


Coupled UNIVERSAL JOINTS Borg-Warner 


transmit more power — in less space 2046 Harrison Ave. 
— at greater angles than any other Rockford, Ill. 


MECHANICS 
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Reller Q ee a 
UNIVERSAL JOINTS 


Truc! ‘actors a oe oe Dac Mach inery % 
For Cars + Trucks + Trax / Farm implements + Road | hinery 
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Bethlehem Soft-Center 
Steel is actually three 
layers of steel. Resilient 
core absorbs shocks on 
the hard, outside layers. 


When your tillage tools are cut and formed from Beth- 
lehem Soft-Center Steel, you can count on their ability 
to take day-afterday punishment. 

Here's why. Bethlehem Soft-Center Steel is more resili- 
ent than high-carbon steel. Its low-carbon core cushions 
the hard, outside layers from jarring bumps. In actual use, 
these outside layers — made of tough, high-carbon steel — 
develop a glasssmooth polish, enabling the tool to plow 
rapidly without excessive caking. 

Bethlehem Soft-Center Steel is economical — for two 
reasons. First, it will stand up under long, rough service. 
Second, any cold fabrication required can be done easily 
in your shop. What's more, Bethlehem Cut-and-Formed 
Shapes made from this steel reach you accurately sheared 
to pattern. Since there’s no waste, you pay freight charges 
for only the steel you use, nothing for the scrap. 

Full details are available from the nearest Bethlehem 
sales office. Or get in touch with us at Bethlehem, Pa. 


BETHLEHEM STEEI. COMPANY, BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: Bethlehem Steel Export Corporation 
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A report to you about men and machines that 
help maintain International Harvester leadership 


IH engineers design each McCormick implement 
to attach where it will do the best work 


IH engineers know a farmer needs equipment 
that will help him do the best field work possible. 
This is why you see some McCormick implements 
mounted on the front of Farmall tractors, some 
on the rear, and others trailing behind. The trac- 
tors and matching equipment are planned to 
work as integrated units. Farmall tractors are de- 
signed so each implement can be attached where 
it can be accurately controlled . . . where it will 
do the best work or. each particular job. 

In addition to best quality work, IH engineers 
have designed many other rea/ farmer benefits 
into every McCormick implement that attaches 
to Farmall tractors: ample clearance for tallest 
crops; quick, easy adjustments to meet varying 
crop and field conditions; durability to stand up 
at today’s faster field speeds; instant control and 
fast maneuverability to make every working min- 
Front-mounted McCormick implements provide instant response ute count. Whatever the implement, whatever 
to steering, ample crop clearance, and a clear view of both the im- the job, IH engineering and design makes better 
plement and the work being done. work possible for farmers everywhere. 
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Rear-mounted implements must have a natural line of draft for Trailing McCormick disk harrows and similar equipment are 
best work. That’s why this McCormick plow is rear mounted. Ample hitched to adjustable swinging drawbars to help assure most effi- 
tractor clearance permits correct hitch-point location. cient use of Farmall pull-power. 


IH engineering teamwork has produced the Farmall tractors and matched McCormick equipment to 
fill the power and equipment requirements of diversified and specialized farms of all sizes. IH research, 
engineering, and manufacturing men are constantly pooling their time and talent to solve farm problems 
—to provide equipment that makes the farmer’s work easier and his time more productive! 


INTERNATIONAL HARVESTER 


International Harvester products pay for themselves in use — McCormick Farm Equipment and Farmall Tractors . . . 
Motor Trucks . . . Crawler Tractors and Power Units . . . Refrigerators and Freezers—General Office, Chicago 1, Illinois 
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@ SERIES + Light duty, one 
direction bell threst bear- 
ing. Plat seat. Plot races. 
Gronte bell refelner . . . 
36 sizes Ve" te 3¥e" LD. 


1000 SERIES » Light duty ball 
thrvet bearing. Fle? seci. 
Grooved raves. Pressed steel 
retainer. Metric standerd... 
26 sizes 10 te 125 mm. 1.0. 


ae ee AS rea S 


LUTCH BEARINGS « Ball 
hevet clutch release beer- 
wg. Banded. Pre-twbricated. 
=tyge, off impregneted 


antrieity and emeott, quiet, 
eag-life perfezmance. 
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( SERIES + Light dety, ene 
direction bell thrust beer- 
ing. Filet sect. Plef races. 
Pressed steel retainer... 
16 sixes A" te THe” 1D. 


3100 SERIES ¢ Medium duty 
nell thrvet beering. Greeved 
veces. Pressed stee! orbrenze 
(lerge sizes) reteiner .. . 23 
metric sizes 10te 140mm.L.D. 


Thrust Bearing 
jleadquarters 


F SERIES + Light duty, one 
direction thrust tearing. 
Filet seet. Greeved races. 
Pressed steel reteiner . . . 
43 sizes 2" to 344" 1.0. 


1400 SERIES » Medium duty. 
Greeved races. Spherical 
seat. Pressed steel or bronze 
(large sizes) retainer . . . 23 
metrictizes 10to 140mm.i.0. 


SPECIAL BEARINGS © Facili- 
ties for sizes up te 38° 0.0. 
Covnsel thet brings yeu 
the expert technical eid that 
hes licked many eof in- 
dustry's tevghest beering 
epplication problems. 


6 SERIES - Medium duty bel! 
thrust bearing. Grooved 
veces. Pressec steel or 
bronze (lerge sizes) retainer 
«+76 zest Ve" te 7H" 1.0. 


W SERIES ¢ Case herdened 
end greved fiat washers 
for verieus Thrust ead 
Specer applications. Siip 
4. 26 sizes 2" te 344" 1D. 


2 


Just Name Your Need 


Whatever mechanized equipment you make or vse— 
whether it is large, small, rugged, fragile, heavy or 
light—whether it must operate at high speed, low speed, 

under water, in acid or under extreme temperature or 
dust conditions, it will do Its jok better, more efficiently 
and more economically if bearing equipped. If it is 
equipment that lends itself te bearing applications of the 
thrust type—Aetna has the answer or can come up with 
it pronts. 37 years of thrust bearing know-how 
assures this. Inquiries invited. No obligation. Aetna Ball 
and Roiler Bearing Company, 4600 
Schubert Ave., Chicago 39, Illinois. 


PRECISION PARTS © Acina 
is versetile—cen mass-pro- 
duce vitel parts in aimoit 
limitless sizes and shepes.— 
te your most exacting met- 
otturgicsi, tolerance and 
Raith specifications. 


‘SRANCH OFFICES COAST-TO-COAST: © Albany © Atlenta @ Auburn @ Batimore © Binghamton © Birmingham © Basten @ Bridgeport © Buffalo © Charintte © Chcoge 
@ Cindinatl © Cleveiond © Denver © Detroit © Hartford @ Houston © Jocksonvie © Los Angeles © Newark © New York © Niagara falls © Philadelphia © Pithburgh « 
Frovidense © Richmond @ Rochester @ Sen Francico © Seattle © Syrocuse @ Trenton © Utica @ Woterbury © Worcester. See your clasuified ‘phone directory for oddrese:. 
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€ SERIES > Medium duty bell 
thrust beering. Bonded. Fiat 
teat. Greoved races. Full 
complement of halle . . . 
46 sizes Ve" to 3%" 1D. 


® SERIES + Ball thrust 
retainer, One piece, 
pressed sieelt, chenne! 
type cage... 79 inch sizes 
0.266" te 4.232" 1.D. 


_ 


catalog. Conteins specifica- 
tiens on Aetnea's complete 
Une—vitel technical refer- 
ence date on bearing setec- 
thon, loed capecities, ivirica- 
Hon, cere ond maintenance. 
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Electronic Color Sorting of Fruits and Vegetables 
By J. B. Powers, J. T. Gunn and F. C. Jacob 


MEMBER ASAE 


FTER a careful study of the lemon-packing industry, 

H. B. Walker, professor emeritus of the University 

of California at Davis, concluded that the develop- 

ment of mechanical color-sorting apparatus was one of the 
more immediate ways in which the industry could be bene- 
fited by engineering research. The project to be described in 
this paper was inaugurated in 1947 under the direction of 

Professor Walker. Its immediate aim was to develop a lemon 
color sorter. The long-range objective was to advance the 
art of color sorting agricultural products in general. 

The lemon tree does not have annual flowering habits. It 
is, rather, a perennial evergreen. Each individual tree bears 
buds, blossoms, green fruit, and ripe fruit simultancously at 
all seasons of the year. If the harvest were confined to the 
mature fruit, picking would be an expensive, year round 
process. It is not practicable to extend the interval between 
pickings by allowing mature lemons to accumulate on the 
trees because of the high deterioration rate of the ripe fruit 

The heaviest yield of fruit is in the carly spring months, 
whereas the market peak occurs in midsummer. A planting 
heavy enough to supply the summer market with tree- 
ripened fruit would produce a large spring surplus. 

_ For these reasons, lemons are picked when they have 
attained commercial size without regard to their maturity. 
The fruit is then segregated as to color, usually into four or 
five categories. Each color class is stored for an appropriate 
period to permit the fruit to ripen. The green fruit matures 
more slowly in storage than when left on the tree. 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, IIl., December, 1952, 
as a contribution of the Rural Electric Division. 
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Fig. 1 (Left) The experimental color sorter. 
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This practice not only increases the interval between 
pickings but permits the heavy spring yicld of green fruit to 
be preserved for the summer market. It entails, however, 
costly manual color sorting. This operation requires from 25 
to 40 girls in each receiving line at the packing house. Each 
girl sorts approximately one-third of a box of fruit per 
minute. It is not practicable to spread the cost of this oper 
ation by simultancously sorting for quality, since quality can 
be judged only in the mature fruit. 

It is particularly desirable that investment in the fruit be 
held to a minimum at this stage in the packing-house oper 
ations. Much of the fruit sorted for storage is ultimately 
diverted to by-product production because of unpredictable 
markct fluctuations. The cost of manual sorting ts a consider 
able fraction of the value of this unmarketable portion. 

Industrial Colorimetry. Colorimetry 1s widely used in 
the paint and dye industries. Attempts to apply the same 
methods to the sorting of fruits and vegetables have been 
unsuccessful. This is duc, in part, to several essential dif 
ferences in the nature of the problems. In matching paints 
and dyes, one set of measurements often suthices to establish 
the color of an cntire batch. Even in continuous process 
control, changes in the color of the product are usually 
gradual. Hence apparatus which can adjust itself rapidly to 
large changes in color is not required. In fruit and vegetable 
sorting, however, the color of cach unit must be separately 
determined, usually in a small fraction of a second. Succes 
sive determinations may lie at the extremes of the range of 
measurement. 

The matching of paints or dyes of different composition 
requires a knowledge of their reflectance properties through 


Lemons, introduced at the upper left, are carried to the right, and fall freely through an 


optical unit wherein the color measurement is made in 0.01 sec. The resulting signal controls the position of four deflecting vanes (lower 


right) which divide the fruit into five color classes @ 


Fig. 2 (Right) A roller conveyor arranges the lemons in single file with their major 


axes perpendicular to the direction of travel. This orientation prevents contact between the deflecting vanes and the sensitive blossom end 
of the fruit 
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Fig. 3 Reflectance of lemons at five stages of maturity. Note the 
sharp dip in the curves at 6780 A caused by the high absorptivity of 
surface chlorophyl in this region of the spectrum. Data supplied by 


USDA* 


out the visible spectrum. A system of trichromatic coetf- 
cients 1s used to describe their variance in reflectance in the 
simplest possible terms. Logically then the color of paints 
and dycs ts usually measured in terms of these coctticients. 
Whereas this system ts desirable for the comparison of dif- 
ferent combinations of pigments, it is needlessly cumber- 
some for the color classification of any one fruit or vegetable. 
For example, it is not usually necessary to distinguish a yel- 
low lemon from a green apple. It may, rather, be safely as- 
sumed that any one peculiarity in the reflectance propertics 
of a lemon of a given color will be characteristic of all 
lemons of the same color. Hence, color measurements of 
fruits and vegetables can usually be confined to only one or 
two narrow regions of the spectrum wherein such anomalics 
are known to occur. 

Great precision is required in the matching of paints, 
for the eye is able to distinguish small variations in color. 
Precise determination of the color of fruits and vegetables ts 
seldom justified. Even if apples could readily be sorted into 
25 color classes, it would scarcely be practical to market this 
number of grades. Furthermore, the variation in color over 
the surface of a piece of fruit is usually so great as to make a 
precise color measurement meaningless. 


Lemon-Sorter Requirements, The accuracy of manual 
sorting is adequate for commercial purposes. It is question- 
able that even a minor investment in apparatus would be 
justified solely on the basis of increased precision. The 
problem is clearly one of reducing costs to a minimum while 
maintaining accuracy at approximately the level attained in 
hand work. 

Color sorting of lemons is one of a sequence of opera- 
tions which includes picking, loading, hauling, unloading, 
dumping, washing, culling, waxing, color sorting, and stor- 
age. If any of these operations is interrupted for a pro- 
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tracted period, all of them must cease. Thus continuity of 
operation is of great importance. 

Lemon-sorting apparatus would have an annual use fac- 
tor of about 30 per cent. This is far greater utilization than 
can be expected of most agricultural machines. Therefore, 
emphasis in design may be placed more on low operating 
expense than on low first cost. Fully automatic operation 
seems advisable, even if it requires a large investment. 

Lemons are received at the packing house at the rate of 
approximately 40 per second. Even though it might be 
practicable to construct a machine to handle the full flow of 
fruit, the advisability of this procedure would be question- 
able. It would seem better to divide the flow among two or 
more machines so that a temporary failure of one would not 
interrupt the operation of the entire receiving line. On this 
basis, a sorting rate of 10 to 20 lemons per second is indicated. 

The color of a lemon is far from uniform. The greener 
fruit, especially, is likely to be extremely blotchy. However, 
it has been found that the average color of the surface is a 
satisfactory criterion of storage life, and on this basis fruit 
is sorted commercially. Thus a photoelectric sorter must view 
substantially the entire fruit surface and yield a signal which 
is a measure of average color. 

To duplicate current manual sorting practices, a machine 
must be capable of dividing the fruit into five well-defined 
color categories. A rough segregation cannot be tolerated, 
since even a small quantity of fruit that becomes overripe in 
storage may Cause serious damage to an entire lot. 

In commercial sorting, lemons may be wet or dry, waxed 
or unwaxed. It is desirable, although not absolutely neces- 
sary, that a mechanical sorter be capable of adjustment for 
operation under these different conditions. 


An Experimental Machine. An experimental lemon 
sorter constructed in connection with this project is shown in 
Fig. 1. Fruit is introduced at the upper left and is carried to 
the right on a concave roller conveyor. The conveyor ar- 
ranges the lemons in single file with their major axes per- 
pendicular to the direction of motion, as shown in Fig. 2. 
The fruit falls freely from the right end of the conveyor and 
passes through an optical compartment wherein the color 
measurement is made in approximately 0.01 sec. 

The electrical signal generated as a result of the optical 
measurement is passed through a vacuum-tube amplifying 
and analyzing device. The output of this unit controls the 
position of four deflecting vanes located at the lower end of 
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Fig. 4 Relative values of several color criteria at different stages of 

lemon maturity. The advantages of IVR as a color criterion are 

shown by curve C. This quantity varies with maturity at a higher 
and more uniform rate than the older measures of color 
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the lemon trajectory. These deflectors direct the fruit into 
one or another of five conveyor channels corresponding to 
the five color classes. Because of the orienting action of the 
upper conveyor, contact between the deflecting vanes and the 
sensitive blossom end of the fruit 1s avoided. 


This system of handling the lemons is entirely satis- 
factory from the standpoints of continuity of operation and 
freedom from damage to the fruit. Furthermore, since the 
lemon falls freely through the optical compartment, there ts 
no supporting structure to interfere with the color measure- 
ment. The capacity of the machine is, however, subject to 
two inherent limitations. First, the roller conveyor does not 
properly single and orient the fruit when operated at a rate 
in excess of one foot per second. Second, the feed rate must 
be such as to allow sufficient time for cach lemon to pass 
through both the optical device and the labyrinth of deflecting 
vances before the following lemon enters the optical chamber. 


Either of these characteristics limits the operating capac- 
ity to about four lemons per second. Ten machines would 
be required to handle the flow of fruit in a single receiving 
line. This is deemed too much machinery for the job. 
Accordingly, plans are now under way to develop a different 
system of feeding and segregating the fruit. Acccleration, 
singling, and orientation of the fruit will be accomplished 
through a series of increments and approximations rather 
than in a single operation. Secondly, information from the 
optical measurement will be stored in a mechanical memory 
so that it will be unnecessary to dispose of each lemon before 
the optical measurement of the next can be made. By these 
means, it is expected that the capacity of the machine can be 
increased several fold. No important change in the optical 
apparatus is planned since this part of the machine is cap- 
able of operation at the desired rate. 


Basic Optical Requirements. The reflectance of a surface 
is the percentage of incident light reflected by it. Colored 
objects have different reflectances for light of different wave- 
lengths. The relationship between reflectance and illuminat- 
ing wavelength for lemons typical of the five commercial 
color classes is shown in Fig. 3*. The curves are labeled 


*The data shown in Fig. 3 were obtained by Dr. E. J. Eastmond, 
then with the U.S. Department of Agriculture at Albany, Calif. Dr. 
Eastmond’s long series of careful measurements constitutes a sub- 
stantial study in itself. Information relative to this and other spec- 
trophotometric studies can be obtained from Dr. K. J. Palmer, 
Western Regional Research Laboratory, USDA, Albany, Calif. 


Fig.5 Schematic layout of the optical apparatus. A spectrum is 

formed at the light-chopping disk 8. Rotation of the disk causes the 

lemon 14 to be illuminated alternately by two series of light pulses 
of different wave length 
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with the customary commercial designations: Yellow, Silver 
B, Silver A, Light Green, and Dark Green. 

An object may be classified as to color by suitably meas 
uring, describing, and classifying its reflectance curve. The 
ctheacy of such a system depends to a great extent on the 
nature of the particular criterion used to describe and char 
acterize the reflectance curves. 

A criterion of color similarity for the classification of 
lemons should, preferably, have the following characteristics: 

1 Its magnitude, expressed in decibel units', should 
vary as greatly as possible over the full range from Dark 
Green to Yellow fruit. 

2. Its change, in decibel units, between consecutive color 
grades should be great enough to permit precise coior dif 
ferentiation at all stages of fruit maturity. 

Furthermore, the nature of the criterion should be such 
as to permit its measurement by apparatus relatively insen 
sitive to variations in the following quantities: 

1 Such fruit characteristics as size, shape, and glossiness 

2 Apparatus variables such as light-source intensity, 
photocell sensitivity, and amplifier gain 

3 Surface films of wax or water. 

Several criteria of color similarity have been investigated 
in the past, and means have been developed for their meas 
urement. None of these schemes has proved commercially 
successful in the high-speed sorting of fruits and vegetables. 
Apparatus limitations are not primarily responsible for this 
failure. The fault can be traced to fundamental shortcom- 
ings in the particular quantities selected as color criteria, A 
brief review of three of these proposed sorting systems will 
serve to clarify this point. 

Earlier Color Criteria. MeétTHOD 1: The simplest way to 
classify a lemon as to color ts to characterize its reflectance 
curve by a single measurement of reflectance. It is evident 
that this measurement should be made in the region of the 
spectrum where the change in reflectance between consecu- 
tive color classes 1s greatest. The curves in Fig. 3 dip sharply 
in the vicinity of 6,780 A, where chlorophyl has an absorp 
tion peak. The variation of reflectance with lemon maturity 
is, Clearly, a maximum at this wave length. Hence the re 
flectance of the fruit at 6,780 A ts chosen as a criterion of 
color. 

To measure this reflectance, the fruit is iuminated with 
light restricted to a narrow band of wave lengths in the 
vicinity of 6,780 A. A portion of the reflected light is inter 
cepted by a photocell. The resulting photoelectric current is 
proportional to the reflectance of the lemon. The current 
magnitude is also influenced by factors other than the lemon 
reflectance. These functional relationships can be expressed 
by the equation: 


ba. gk ha HA Ye ee 


where J, is the photoelectric current; R», the lemon reflect 
ance at 6,780 A, and S$, the sensitivity of the measuring 
system. The coefhcient § comprises such quantities as inten- 


‘The ease in distinguishing two quantities——one from the other 
is determined by the ratio of their magnitudes rather than by their 
arithmetical difference. For instance, currents of 1 and 2 amp can be 
distinguished from each other with the crudest of instruments, 
whereas currents of 1,001 and 1,002 amp can be identified only by 
precise measurements. In this paper, the magnitudes of color criteria 
are expressed in terms of the decibel unit (db). This unit is based 
on a ratio concept and is commonly used in the communications field 
The difference in two magnitudes so expressed is a direct measure of 
the ease in distinguishing one from the other. 
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sity of illumination, photocell sensitivity, lemon size, loca- 
tion and orientation of the lemon with respect to the light 
source and photocell, etc. Many of these factors vary with 
time and only with great difficulty can be held within close 
limits. 

The system might, nevertheless, be useful if the varia- 
tions in Ry between consecutive color classes were very great 
in comparison with the variation in the factors represented 
by S$. The relative magnitudes of R» for the different color 
classes are shown by curve A, Fig. 4. There is a large change 
in R, from grade to grade among the greener classifications 
of fruit. This variation trails off to a change of only 0.9 db 
(11 per cent) between the Silver B and Yellow classifica- 
tions. It is impracticable to limit the aggregate change in the 
variables included in § to a value which is small in compari- 
son with 11 per cent. This method is, therefore, unsuitable 
for the sorting of the riper fruit. 

Metnop Il: Another quantity proposed as a criterion 
of color is the change in reflectance between two appropri- 
ately selected wave lengths. This quantity is a measure of 
the average slope of the reflectance curve in the region 
between the two chosen wave lengths. The region should be 
one in which the change in slope of the reflectance curves 
for the different color classes is a maximum. Accordingly, 
for the sorting of lemons, the change in reflectance between 
wave lengths of 6,780 and 7,200 A ts selected as a criterion 
of color. 

This change in reflectance can be determined by measur- 
ing separately the reflectance at 7,200 and 6,780 A as out- 
lined in the description of Method I. The arithmetical dif- 
ference of the two resulting currents 1s a measure of the 
change in reflectance. The magnitude of the resultant cur- 
rent can be expressed by: 


1,=1,—l2=S(R:—Re) {2} 


where /, is the resultant current; Rk), the reflectance at 7,200 
A; and R» and S$ are the quantities defined in equation {1}. 
It is assumed that the system is adjusted for equal sensitivity 
at 6,780 and 7,200 A. 

It is clear from equation {2} that the measured value J, 
of the color criterion (R:—Rz2) is proportional to the sensi- 
tivity of the measuring system. In this respect no improve- 
ment has been made over Method I. The relative magnitudes 
of (Ri—R,) for the various color grades are shown by curve 
B, Fig. 4. Unlike the criterion of Method I, the quantity 
(Ri—Rz) varies greatly among the riper grades of fruit. It 
changes by only 0.6 db (7 per cent), however, between the 
Light Green and Dark Green classifications. It is, therefore, 
unsatisfactory for the sorting of the greener fruit. 

Mernuop III; A color criterion whose measured value is 
independent of the sensitivity of the measuring apparatus 
has long been used in colorimetry. It is based on the fact 
that cach of the two photoelectric currents indicative of R, 
and R» (sce Method IL) is proportional to the system sensi- 
tivity §. The ratio of these two currents is equal to the ratio 
Ri/Rz and independent of §, provided § has the same value 
in the measurements of R; and Ry. This relationship is ex- 
pressed by the equation 


I, SR, R, 


Is SRe Re 
The quantity R,/R» can, therefore, be used as a dimen- 
sionless criterion of color. 
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This technique is a great improvement over Methods I 
ind II, but it is still unsatisfactory for the classification of 
lemons. It is evident that the change in Ri/R2 from grade 
to grade can exceed the change in either R; or Re, only if 
‘here is an inverse relationship between R; and Rs. This 
would require the reflectance curves for the different color 
classes to cross one another. It may be seen in Fig. 3 that 
this does not occur. Hence the greatest rate of change of 
R,/Rz with lemon maturity will occur if either R; or Re has 
substantially the same value for all color grades. This con- 
dition is approached when R» is measured at 6,780 A, and 
R,; at 7,400 A. In this case, the relative values of R,/R» for 
the different color classes are given approximately by curve 
A, Fig. 4. As was pointed out above, the change in the 
value of the criterion between the Yellow and Silver B 
grades is so small as to make reliable classification extremely 
difficult. 

New Criterion of Color. A new criterion of color sim- 
ilarity has been formulated in connection with this project. It 
is based on three relationships between /, and I, as defined 
in equations {1} and {2} above, as follows: 

1 The value of J, increases with lemon maturity; the 
value of I, decreases. 

2 The grade-to-grade variation in /, is large among the 
greener classifications and small among the yellower grades. 
The reverse is true of 1,. 

3 Both J, and J, are proportional to the system sensi- 
tivity S, provided S$ has the same value at 6,780 and 7,200 A. 

Three corresponding predictions can be made as to the 
quantity I,/1z, as follows: 

1 Its change in value from grade to grade will be greater 
than the change in either 7, or /2. 

2 Its change in value between consecutive grades will 
be more uniform than the change in either /, or Is. 

3 Its measured value will be independent of S. 


The ratio I,/1, can be expressed as 
IT, S(Ri—Re) = Ri—Re 


[3] 
I, SR: R: 


The dimensionless quantity (Ri—R»)/R2 is proposed as 
a criterion of color similarity that is more sensitive to small 
changes in color than any of the criteria described above. It 
will hereinafter be referred to as an “Index of Variance in 
Reflectance,’ abbreviated IVR. 

The relative values of the IVR fraction for the different 
grades of lemons are shown by curve C, Fig. 4. These data 
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by light-chopping disk. The a-c carrier e: contains all information 
necessary for the production of a voltage which is a measure of IVR 
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are computed from reflectance values at 7,200 and 6,780 A. 
As shown in Fig. 4, the db change in IVR over the full 
range from the Dark Green to the Yellow classifications ts 
approximately twice as great as the change in any of the 
aforementioned criteria. Furthermore, the change in IVR 
between consecutive grades is nearly uniform, as shown by 
the close approximation of the curve C to a straight line. 
The minimum change, which occurs between the Dark 
Green and Light Green classifications, is 7.82 db. This is 
equivalent to a signal ratio of 2.46 to 1. 

The usefulness of IVR as a measure of color is not con- 
fined to lemon sorting. It is a sensitive criterion in any 
region of the spectrum wherein the reflectance curves of the 
objects to be sorted exhibit a decrease in slope along with an 
increase in reflectance. This condition commonly obtains 
when variation in color of objects is caused by changes in the 
relative proportions of given pigments, usually the case with 
fruits and vegetables. The system is not in general useful 
for the comparison of different combinations of pigments. 

Optical Apparatus. \t was pointed out above that IVR 
is a function of two ordinates (R; and R») of the reflectance 
curve. It was shown that R, and R. must be measured with 
systems of equal sensitivity to provide a measure of IVR that 
is independent of S$. In the experimental apparatus, this 1s 
accomplished by measuring R, and Ry in rapid sequence 
with the same apparatus. The equipment is designed for 
substantially equal response at the different wave lengths of 
measurement. The period required for the measurement is 
approximately 0.01 scc. The sensitivity of the apparatus 
does not change significantly during this short period. 

The apparatus uscd for this purpose ts shown diagram 
matically in Fig. 5. A light source (1), a system of con- 
denser lenses (2), an opaque plate (3) containing an en- 
trance slit (4), a collimating lens (5), a light-dispersing 
prism (6), and an objective lens (7) serve their well-known 
purposes in producing a spectrum that is focused in the 
plane of a rotating, opaque disk (8). The disk is provided 
with transparent openings (9) and (10) arranged in alter- 
nate groups at different radii, as shown in Fig. 5. 

As the disk rotates, each of the openings permits a pulse 
of light to pass through a pair of cylindrical lenses (12). 
These lenses divide the beam into two approximately equal 
parts, which are reflected by mirrors (13), and impinge on 
the test sample (14) from opposite directions. Part of the 
light reflected by the test sample is intercepted by a multi- 
plicity of high-vacuum phototubes (15). 

The disk openings (9) traverse a different part of the 
spectrum than the openings (10). The openings (9) are so 
located as to transmit a narrow band of light wave lengths in 
the vicinity of 7,200 A. The openings (10) transmit a similar 
band in the vicinity of 6,780 A. Thus the lemon is illuminated 
alternately and recurrently by two scries of light pulses, one 
serics at 7,200 A and the other at 6,780 A. 

Electronic Apparatus. The photocubes are arranged in 
three-dimensional symmetry about the sample, although this 
arrangement is not specifically shown in Fig. 5. Each photo- 
tube views the lemon in a different aspect. Each produces a 
current proportional to the average surface luminosity as 
seen from its particular viewing point. The sum of these 
currents 1s a measure of the average reflectance of the fruit 
surface. The sum of the currents 1s obtained by connecting 
the phototubes in parallel and operating them at voltage 
saturation. 


A parallel reasonant circuit acts as a load for the photo- 
cells. The resonant frequency of this circuit ts equal to the 
repetition rate of the light pulses. The action of the photo 
electric current on this load circuit ts indicated in Fig. 6. 

The wave form of the photoclectric-current pulses gen 
crated by the action of the light-chopping disk depends on 
the size and shape of the disk openings. For illustrative pur 
poses, the current is represented in Fig. 6(a) by rectangular 
pulses of equivalent impulse value. As shown therein, the 
photoelectric current 7, consists of alternate groups of pulses 
with amplitudes of AR, and AR», respectively. The value 
of the proportionality constant A 1s determined by the circuit 
parameters. The pulses AR, are generated in response to 
light of 7,200 A wave length which passes through the disk 
openings (9). The pulses AR» are produced by light of 
6,780 A wave length transmitted by the openings (10). 

The sensitivity of the system is the same at the two illu 
minating wave lengths. As a result, the amplitudes of the 
pulses AR, and AR, are in like proportion to R, and Ro, 
respectively. 

The voltage e: developed across the resonant load cir 
cuit in response to the photoclectric-current pulses 1s shown 
in Fig. 6(b). The amplitude of e: first increases exponentt 
ally with time, approaching a steady value BR). Following 
the decrease in amplitude of the photoclectric-current pulses 
to AR:, the amplitude of e: decreases exponentially, ap 
proaching a steady value BR». BR, and BR» are in like pro 
portion to R,; and Ry. The constant B ts a function of the 
particular values chosen for the circuit clements. 

ex ts a modulated carricr voltage having three important 
characteristics, as follows: 

1 It has no d-c component. 


2 Its maximum amplitude 1s proportional to the lemon 
reflectance at 7,200 A, 

3 Its minimum amplitude is in like proportion to the 
lemon reflectance at 6,780 A. 

The signal voltage is amplified by a conventional tuned 
amplifier. Linear amplification docs not alter the wave form 
of the signal, since it has no d-c component. If the voltage 
gain of the amplifier is represented by the constant quantity 
C/B, the maximum and minimum amplitudes of the ampli- 
fied signal can be represented as CR, and CR». Direct-current 
voltages equal to CR, and CR» are produced by measure 
ment of the amplified signal voltage with well-known 
vacuum-tube circuits. 

As a final step in the measurement of IVR, the d-c volt- 
ages CR, and CR, are combined to produce an output volt- 
age proportional to IVR. It should be particularly noted 
that the output voltage cannot be equal to IVR, since IVR ts 
not a voltage, but a dimensionless number. The method 
whereby CR, and CR» are used to produce a measure of IVR 
is best explained by considering the relationship 


R,—R, (CR, J—(CR:) 
IVR ; . [4] 
R» (CR») 


Equation [4] shows that IVR can be expressed as a fraction 
which 1s, uniquely, a function of the d-c voltages CR, and 
CR». The output signal should, therefore, be a proportional 


tIn Fig.5 four disk openings per group are indicated. In Fig. 6 
there are eight current pulses per group. In either case, the number 
is purely illustrative. In the actual machine, 14 disk openings per 
group produce, ot course, 14 current pulses per group 
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measure of the various values assumed by this fraction for 
the different grades of lemons. 

One way to compare the values of fractions is to reduce 
them to a common denominator, so that the numerators 
alone are measures of the relative values of the fractions. 
This is accomplished in the experimental machine by use of 
a conventional automatic gain-control circuit in conjunction 
with the aforementioned tuned amplifier. The automatic 
gain-control circuit adjusts the gain of the amplifier (and 
thereby fixes the magnitude of C) so that the voltage CR» 
attains a fixed, arbitrary value, regardless of lemon size or 
color. Hence the voltage (CR,—CR,) — the numerator of 
the fraction in formula {4} becomes a measure of IVR, 
as explained above. The voltage (CR;—CR:) is easily pro- 
duced by connecting the individual d-c voltages CR; and CR: 
in series, opposed. 

The output signal voltage (CR;—CR:») controls the posi- 
tion of four deflecting vanes (described above) through 
conventional thyratron relay circuits. 


Test Results. The experimental machine has been tested 
under both laboratory and packinghouse conditions. In many 
cases it has not been practicable to conduct tests of a precise 
nature, since results could be evaluated only on a visual basis. 
The most significant tests and their results are as follows: 

1 Fruit-Surface Condition, Tests were performed with 
fruit typical of the five commercial color classes. The color 
of each lemon was measured by the machine under four con- 
ditions of surface treatment: (a4) as picked, (b) washed and 
left wet, (¢) washed and dried, and (d¢) waxed and pol- 
ished, The output signal from the electronic apparatus was 
measured for each. 

The signal produced by each piece of fruit was found to 
be independent of surface condition within the limits of 
accuracy of the measurement. Although it is probable that 
surface condition does to some extent affect the signal, any 
change in output is masked by the noise level of the equip- 
ment. An effect of this magnitude 1s unimportant in com 
mercial sorting. 

2 Signal-to-Notse Ratio, Random variation in the out- 
put signal (usually called “noise voltage’) is relatively large 
for a device of this class. This is due to the extremely low 
level of illumination attainable with the present apparatus. 
The noise voltage, as viewed on an oscilloscope, is equal to 
approximately 20 per cent of the signal voltage. The min- 
imum change in IVR (and hence the change in signal volt- 
age) from grade to grade is approximately 60 per cent, as 
calculated from curve C, Fig. 4. 

The noise voltage can, therefore, result in the misgaug- 
ing of a lemon by as much as plus or minus one-third of a 
color grade. Although an errot of this magnitude does not 
preclude the use of the machine for commercial sorting, its 
reduction seems advisable. This can be accomplished by 
redesign of the optical apparatus to increase its light output. 

3 Stability. Rough tests were performed to determine 
(a) the warmup period required to bring the apparatus to 
its full operating efficiency; and (+) the long-term drift in 
calibration. 

To determine the required warmup period, the machine 
was operated for several hours to permit the apparatus to 
attain a steady operating temperature. A sample run was 
then made. The machine was switched off and allowed to 
cool for several hours. At the end of this period it was 
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again switched on, and the same sample lemons were rerun 
several times. No noticeable change occurred in operating 
characteristics after a warmup period of two minutes. 

To determine the long-term drift in calibration, the 
apparatus was adjusted for best operation, as judged by eye. 
After an idle period of two weeks, it was again tested with- 
out recalibration. No change in performance could be deter- 
mined visually. 

It is evident that these stability tests were not of a pre- 
cise nature. From a practical point of view, however, they 
point out clearly that the machine is in this respect com- 
mercially acceptable. 

4 Continuity of Operation. The experimental machine 
was operated for several weeks under actual packing-house 
conditions. No stoppages occurred. No clogging tendency 
was indicated in any part of the machine nor any evidence 
of weakness in the apparatus. 

Relatively high impact loads occur in the mechanism 
associated with the lemon-deflecting vanes. To investigate 
the possibility of failure through fatigue, one of the vane 
assemblies was subjected to the standard endurance test of 
one million cycles of operation. No failure occurred, and no 
appreciable wear was discernible at the end of the test. 

The machine has been transported 3,000 miles by truck. 
It has been loaded and unloaded 16 times. No damage to 
the apparatus has resulted from this handling, and calibra- 
tion was materially affected in only one case. 

5 Fruit Injury. Lemon damage prior to storage is 
reflected in high storage losses through rot and mildew. 
Mechanical injury to the fruit resulting from machine han- 
dling was evaluated by two criteria—-a standard dye test and 
a storage test 

In the dye test, fruit is immersed in a special dye solu- 
tion which adheres only to those parts of the fruit from 
which oil has been expressed by bruising or abrasion. Several 
lemons of each color class were subjected to this test after 
they had been run through the machine 25 times. No dam- 
age was discerned by a trained observer. 

The storage test was performed in a packing house where 
the fruit is sorted into only four color categories, viz, Yellow, 
Silver, Light Green, and Dark Green. Accordingly the ma- 
chine was adjusted to duplicate this procedure. 

Fruit from eight different orchards was sorted by ma- 
chine and stored with samples of hand-sorted fruit from the 
same lots. The boxes were interstacked to ensure identical 
storage conditions, At the end of the standard storage 
period, the fruit was carefully inspected by a fruit physiol- 
ogist to determine the percentage affected by rot or mildew. 

The results of this test are summarized in Table 1. The 
Yellow fruit was of course not stored. There was no sig- 
nificant difference in spoilage between the machine-sorted 
and hand-sorted fruit. 

6 Sorting Accuracy. As a part of the storage test de- 
scribed above, the machine-sorted and hand-sorted lemons 
that had failed to reach full (Continued on page 158) 


TABLE 1. STORAGE LOSSES 
Machine-sorted lemons Hand-sorted lemons 
Per cent Per cent 
Color Number spoiled Number spoiled 
Silver 13,178 0.866 13,718 0.612 
Light green 10,493 1.69 10,585 p es 
Dark green 5,073 1.62 5,277 1.59 
Total 28,744 1.30 29,580 1.36 
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Engineered Farm Electric Service 
By E. C. Easter 


MEMBER ASAE 


HE benefits of electric service to the farmers have 

been so many and so great that anyone who has 

participated in and contributed to the progress in 
rural electrification can have the feeling that goes with 
participation in a great and worth-while development. 
Many thousands of individuals and many organizations, 
institutions and agencies have made notable contributions 
to the progress of rural electrification. However, the ac- 
complishments in this field would have been impossible 
without the solution of many enginecring problems. 


Having been associated with rural electrification since 
the early 1920's and having participated in some of the 
early experimental projects, it has been my privilege to 
have been associated with many of the engineers who have 
made notable contributions to the solution of engineering 
problems involved in this development. 

Outstanding in the memory of those associated with 
the carly pioneering of rural electrification is E. A. White, 
who was a charter member and past-president of the 
American Society of Agricultural Engineers. He took a 
leading part in developing plans for the Committee on the 
Relation of Electricity to Agriculture, and served as its 
executive director for many years. Dr. White obtained the 
assistance and active support of hundreds of electrical, 
mechanical and agricultural engineers associated with agri- 
cultural experiment stations, equipment manufacturers and 
public utilities in conducting research activities that re- 
sulted in the compilation of data that has been of such 
permanent and useful value that much of it is still being 
used by those engaged in farm elec- 
trification work. 

Any consideration of engineers 
who have made great contributions 
to rural electrification by those who 
have been associated with this work 
immediately brings to mind the 
name of the late George W. Kable, 
a past-president of ASAE. He 
started in rural electrification in the 
early 1920's with the Oregon Agri- 
cultural Experiment Station. Later he 
directed the National Rural Electric 
Project located in Maryland spon- 
sored by a group of electric utilitics 
in the middle of 1920's. During the 
last several years of his life he was 
editor of Electricity -on-the-Farm 
Magazine. The great engincering 
ability of Mr. Kable and his intense 
interest in making clectricity serve 
the farmer have been important fac- 

An address before a special meeting 


of the American Society of Agricultural eed . 
Engineers held in conjunction with the —— 


tors in the development of rural electrification in this country. 


There have been hundreds of other engineers who, 
through their solution of engineering problems have con 
tributed much to the progress of rural clectrification. These 
include agricultural engineers at the land-grant colleges and 
in the employ of clectric utilities throughout the country as 
well as the engineers employed by manufacturers of elec- 
trical equipment. 


The major problem in taking electric service to the 
farmer has been to provide an adequate and reliable supply 
of power at costs which enable the farmer to use sufh- 
cient electricity to make the construction and operation of 
a rural electric system economically feasible. To date 
much progress has been made by the solution, or partial 
solution, of engineering problems, each of which has 
made its contribution to the solution of the major problem. 
First, there was the design of an individual rural line to 
provide electric service to a group of farm customers. 
There were many specific engineering problems in the de- 
sign of that line. The uses of electricity the farmer would 
employ had to be estimated. Neither the farmer nor the 
engineer, in the carly days, had much idea as to how elec- 
tricity would be used. Therefore, the engineer had the 
problem of designing the line to provide an adequate sup- 
ply of power without knowing how much power would 
be required. There was the problem of locating the line 
for the convenience of the farmers so that it could be 
satisfactorily operated so as to provide reliable service. 
There was the engineering problem of locating the farmer's 

service entrance, and designing the 
farm wiring system so as to utilize 
the service. There were problems in- 
volved in the construction of the 
line, and in determining to what 
extent the farmer could assist in that 
construction. More efficient tools for 
building the line had to be de- 
veloped. There was the problem of 
pole height, length of spans and 
length of crossarms, the types of 
insulators, conductors and_ trans- 
formers, and other items of equip- 
ment used in the construction of 
the line, each of which presented an 
engineering problem. The solution 
of those problems by engineers has 
played a most important part in the 
progress of rural electrification. 

As the engineer working on the 
design of a rural line extension dis- 
cussed his problems with the engi- 
neer representing the electric equip- 
ment manufacturer, consideration 


Centennial of Engineering Convocation Agricultural engineers in the employ of electric W45 Stven to the enginecring prob- 


at Chicago, Ill., September, 1952. 


Power Company. 


power companies have rendered outstanding serv- lems involved in designing and 
The author — E. C. Easter — is vice- se in helping farmers to plan electrical wiring 
president in charge of sales, Alabama systems and to utilize electric power for a multi- 
tude of farming operations 


making materials to be used in the 
construction of the line. Likewise 
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the agricultural engineer's work with the farmer in studying 
the engineering problems involved in the uses of electricity 
resulted in more information about equipment adapted to 
the use of electricity in farming operations. These problems 
were taken to farm cquipment engincers resulting in the 
design of machines better adapted to hay drying, retrigera- 
tion, irrigation, and other operations to which clectric serv- 
ice Could be applied. 

The engineering problems involved in designing an 
individual rural linc were soon a part of the larger problem 
of designing a rural line system consisting of trunk feeder 
lines with numerous tap lines and shorter extensions to 
those and finally the extensions to individual farmers and 
rural customers. Designing such a system has involved 
problems dealing with such cquipment as substations, 
voltage regulators, circuit breakers, fuses, lightning arrest- 
ers, and other equipment necessary in the operation of such 
a system to provide reliable and adequate power supply 
to a group of scattered customers with widely varied serv- 
ce requirements. Engineers of the utilities and rural 
electric cooperatives and engineers of ‘aanufacturers have 
all worked toward the solution of the problems involved 
in the design, construction and operation of such expansive 
rural line systems, 


ENGINEERS IMPROVE DISTRIBUTION SYSTEMS 


Many improvements have been made by the engineers 
in the design of the systems, particularly with reference 
to the location of the lines so as to be more readily ac- 
cessible for maintenance and operating purposes. Improve- 
ments have also been made in the location of transmission 
substations so as to provide the rural system with greater 
protection against lightning and other hazards, and to avoid 
rural lines being extended at too great distance from the 
transmission power supply. These improvements have 
greatly reduced the operating problems and have resulted in 
improvements in the quality of service to the rural customer. 
The studies of these engineering problems have also resulted 
in many improvements in equipment that have resulted in 
better service at lower cost. Some of these have been the self- 
. protecting transformer which is a great improvement over the 
conventional transformer formerly used on rural lines, if for 
no other reason than that it eliminates low-amperage fuses 
which are vulnerable to lightning. The reliable pole-type 
step-voltage regulator which has been developed in recent 
years has been an important factor in improving rural 
line service. The unit-type substation has been used in 
many instances in reducing the cost of supplying service 
to the farmer and has many advantages in serving rapidly 
growing rural 
formerly used. 


loads over the conventional substations 
The design of substations for furnishing 
power supply to rural customers from the | 10-kyv system has 
progressed to the point of being heipful. Some of these 
substations are already in usc, and as the rural load de- 
velops further, the rural substation for use at the higher 
transmission. voltage will, in many instances, be very use- 
ful in having the transmission power supply nearer the 
farm and rural customer. 

Since the end of World War II, electric service has 
been so generally accepted by farmers and rural people 
that it has been possible to employ assembly-line methods 
in the construction of rural lines. With special equipment 


and trained crews performing certain parts of the line 
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construction such as clearing rights of way, hole digging, 
pole setting, etc., this method of construction has made 
possible the use of many tools that were not feasible in 
the construction of smaller systems. For example, hole- 
digging and pole-setting machines have greatly reduced 
the man labor required in the construction of a line. The 
solution of engineering problems to date has made pos- 
sible the construction of expansive rural-line systems which 
provide electric service to rural and farm customers suth- 
ciently adequate and reliable for most farming operations to 
which electric service is presently adaptable. For example, 
the dairyman in most locations can depend upon the electric 
power supply for the operation of his refrigeration equip- 
ment, his water pump, and his milking machine; and the 
poultry farmer uses electricity for incubating and brooding, 
in Many instances from expanding rural-line systems. 

The fact that central station electric service has been 
made so generally available to farmers and rural people 
throughout all sections of the United States is ample evi- 
dence that many of the engineering problems involved in 
taking electric service to the farmers have been solved. 
Today there are many expansive rural-line systems provid- 
ing electric service to farmers and rural customers through- 
out a large part of a state with a quality of service better 
than that available to most of the city and urban areas less 
than a quarter century ago. As an illustration, the Alabama 
Power Company is operating a rural line system of 19,000 
miles, serving more than 100,000 rural and farm cus- 
tomers scattered over all or a part of 55 counties of the 
state. Those customers are being provided with service which 
is so generally adequate and suthiciently reliable that it is be- 
ing used successfully for all of the home and farm require- 
ments to which electricity is generally adapted. The same 
thing is general throughout the nation. In my opinion 
this could not have been accomplished without a solution 
of many engineering problems that appeared most difficult, 
if not impossible, 25 years ago. 


ENGINEERS ADVANCE RURAL ELECTRIFICATION 

Without the work of the engineers to solve some of 
the engineering problems involved, electric service could 
not have been made so generally available and so generally 
useful to the farmers and rural customers. The progress 
of rural electrification has also been advanced in many 
instances by the work of engineers not directly associated 
with rural electrification. Two outstanding examples are 
the improved highway system, without which it would be 
entirely impossible for the present rural-line systems to be 
operated on any basis that would provide reasonably re- 
liable service, and the mobile radio telephone which is 
preving to be an important factor in the successful opera- 
tion of an expanding rural-line system. 

While electric service has been made generally avail- 
able to the farms throughout the country, there are still 
many engineering problems involved in providing an ade- 
quate and reliable suppiy of power to the farmer. As the 
farmer's use of electric service is developed he of course 
becomes more dependent upon a continuous supply of 
power and greater system capacity is required to provide 
him with adequate power. Therefore, in an increasing 
number of instances the single-phase distribution lines, 
which were sufficient originally, are no longer adequate to 
provide the power supply for (Continued on page 158) 
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Pipe Line Milker and Bulk Handling of Milk 


By S. A. Witzel 


MEMBER ASAE 


ECAUSE of the many problems involved in bulk milk 

production, the Wisconsin Agricultural Experiment 

Station, in cooperation with the United States Steel 
Corp. and with support from the Federal Research and Mar- 
keting Act of 1946, now has a research project under way to 
study the various phases of bulk-milk production. The 
work is being conducted through the cooperative efforts 
of the Station’s departments of agricultural engineering, 
agricultural bacteriology, dairy husbandry, dairy and food 
industries, veterinary science, and entomology. 

Use of the sanitary milk pipe line has been common- 
place in many plants for years. When taken down and 
thoroughly cleaned and sanitized after each use, it has 
been accepted. This same sanitary pipe line has been 
used in milking parlors for some time, but here twice-a-day 
use called for twice-a-day takedown, according to estab- 
lished practices. This has prompted demand for a cleaned- 
in-place milk pipe line for farm milking use. For the 
short milk pipe line in the milking-parlor arrangement 
the difference in cost of cleaning in place and by pipe-line 
takedown did not at first appear to be important enough 
to become concerned about. However, farmers and milk- 
ing-machine manufacturers have indicated their preference 
for cleaned-in-place lines. Finding suitable methods of 
pipe-line cleaning and sanitizing did require studies. Like- 
wise the use of longer milk pipe lines in stanchion barns 
emphasized the need for an answer to the cleaned-in-place 
problem. 

In setting up test installations of stainless steel piping, 
one system was designed with rubber-pipe connections. 
Inlets to the pipe were 1/-in stubs ¥/, in long, closed with 
removable rubber caps. Operated under vacuum, the line 
is now also cleaned and sanitized under vacuum, so there 
is no tendency to force milk under rubber connections. 
To accomplish the in-place cleaning a 10-gal can is placed 
at each end of the pipeline and connected to an airtight 
lid, which in turn has a pipe going to the bottom of the 
can. Vacuum connections are also made to each can lid. 
The vacuum line has a three-way motorized valve that is 
time-clock controlled. The pipe line is rinsed with luke- 
warm water immediately after use. The 10-gal cans are 
then hooked in the line, one being filled with hot water 
having a detergent cleaner, and the automatic cleaning 
operation is started. Air inlets in each can lid release the 
vacuum and tend to cause turbulence in the milk pipe line 
as the solution surges through it. After circulation for a 
given time interval, the cleaning solution is removed and 
water at 180 F is placed in one of the cans for circulation 
through the system by vacuum. Before rnilking starts again 
the line is sanitized with a chlorine solution. 


Abridged progress report presented at the annual meeting of 
the American Society of Agricultural Engineers at Kansas City, 
Mo., June, 1952, as a contribution of the Farm Structures and 
Rural Electric Divisions. It is based on research projects sup- 
ported in part through grants from the United States Steel Corp. 
and by regional funds under the Federal Research and Marketing 
Act of 1946. 

The Author—S. A. Wirze.—is professor of agricultural 
engineering, University of Wisconsin. 


During the studies this pipe line is to be taken down 
at a range of different time intervals for inspection and 
cleaning. 

The stanchion-barn milk pipe-line loop of stainless 
steel piping has fittings with gaskets designed for in-place 
cleaning. The cleaning and sanitizing solutions are circu- 
lated through the pipe line loop by hanging the teat cups 
in a solution tank which is set up to receive returned 
material from the This arrangement permits 
surges of solution and air to travel through the pipe line 
at high velocity. Again, the milk line is always maintained 
under a vacuum during the cleaning process. The stan- 
chion-barn pipe line is operated as a cleaned-in-place line. 

Turn type valves at each two cow stalls admit milk 
to the pipe line. The open ends have now been rubber 
capped. Rotating parts of these valves offer a difficult 
cleaning problem. 


releaser. 


In cleaning operations in each system the primary aims 
are to climinate pipe-line deposits and to control bacteria 
counts. A comparison of the permanent cleaned-in-place 
pipe line with the pipe line that is taken down and cleaned 
is needed, since the latter practice now mects regulation 
requirements. Present indications are that higher bacteria 
counts are obtained after taking down and cleaning than 
when cleaned in place. Perhaps the presence of certain 
types of air-borne bacteria capable of multiplying under 
conditions present in the pipeline may account for this 
increased count. 

Presently milk of low bacteria count is being produced 
in both pipe-line systems under study. Adjustments in 
cleaning are still required for complete control of deposits 
in the lines. Black light is being used for detecting small 
amounts of these deposits. Such items as cost of in-place 
cleaning, time saved, adaptability to use by producers and 
reliability of results are all still to be determined. 

Bulk-milk cooling and storage follows pipe-line milk- 
ing. The milk is filtered before it enters the pipeline. It 
is also possible to filter milk from bucket-type milkers into 
a cooling tank. Here a stream of warm milk is introduced 
into a tank of cold milk which is being agitated to insure 
rapid cooling. Warm milk is introduced at four 12-hr 
intervals in skip-a-day pickup. The effect of this mixing 
of warm and cold milk upon bacteria counts of the milk 
has not been serious. However, the over-all effect on 
milk quality calls for a complete investigation of this 
problem. Such a project is now being carried out as a 
part of this over-all study. If in this study optimum tem- 
perature ranges can be established for adequate cooling 
and holding of the milk without adversely affecting qual- 
ity, such information will provide much needed design data 
for cooling tank manufacturers. 

A very important consideration is that of effectively 
cleaning and sanitizing the holding tank and all of its 
parts. The producer will more than likely not be present 
when the milk is loaded out. The hauler cannot stop 
long at each farm. If he rinses the tank, can the owner 
be depended upon to clean and sanitize it properly? Where 
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a special plastic milk hose is carried on the truck, a pump 
may be mounted on the truck. Milk hose and pump are 
cleaned when reaching the plant. Milk sanitarians are 
watching this equipment and desire conclusive evidence 
as to the sanitary features of the plastic hose that is being 
used. They also feel that the hose should be kept com- 
pletely off the ground and milkhouse floor for sanitary 
reasons. Procedures for cleaning and sanitizing the hose, 
pump, and milk tank, when the tank transport reaches 
the plant, will need to be set up. 

Another bulk-milk problem is that of weighing or 
measuring the milk. Scales meeting legal requirements do 
not appear to be practical for cost reasons as well as 
others. The measuring rod has its limitations for accuracy 
and may not be entirely suitable for sanitary reasons. A 
slight shifting of the tank, intentional or accidental, such 
as heaving by frost, may affect the accuracy of the reading 
by many times more than the accuracy now legally required 
for scale accuracy at receiving plants. Of course the elimi- 
nation of waste from milk remaining in cans after empty- 
ing into the receiving tank (now a complete loss in some 
states) may more than offset any disc repancy in measuring 
the contents of the tank. Such items as tank setting, 
rigidity of tank walls, and location of measuring devices 
are of major importance in the accuracy of measuring the 
quantity of milk. A number of ideas are now, being 
studied for a suitable solution to the milk-measuring 
problem. 

In bulk-milk production the point of sale of the milk 
is the farmer's milkhouse. Will the truck driver be able 
to qualify as a milk grader, sampler and weigher, or will 
the pickup man be first a plant man and secondly a truck 
driver? In case a truck or transport load of bulk milk 
is rejected, who will stand the loss? Will the operators 
exercise due care in determining what milk should not 
go to market? 

Better roads and farm driveways may be necessary for 
bulk-milk pickup. In northern areas snow removal will 
be a problem. 

A change to the pipe-line milker and the bulk han- 
dling of milk is bringing up many new problems. Only 
when attacked through a series of well-integrated research 
projects can progress be made. Agricultural engineers 
have a responsibility in supporting and cooperating in this 
field of research destined to provide better ways of pro- 
ducing an ever-increasing amount of consistently high- 
quality milk at a price the consumer can afford to pay. 


Engineered Farm Electric Service 
(Continued from page 156) 


expanding farm uses. Likewise the farmer was not seriously 
handicapped by interruptions to his service when his uses of 
electricity were limited largely to lighting the farm home, 
but today many thousands of farmers are dependent upon a 
continuous supply of power and can suffer heavy losses by 
interruptions to service. Too, there are still many unsolved 
engineering problems in connection with the equipment 
with which the farmer uses electricity. The solution of 
those problems will make the farmer's electric power sup- 
ply more valuable to him and make it even more neces- 
sary that interruptions of service be reduced to a minimum. 


AGRICULTURAL ENGINEERING for March 1953 


Electronic Color Sorting 
(Continued from page 154) 


TABLE 2. MACHINE CONSISTENCY 


Color—as indicated by machine 


Yellow Silver Light green 


100 
100 
100 
80 
20 


Lemon No. Dark green 


9 
10 
11 
12 
13 100 
14 100 
15 100 
16 100 


maturity during the storage period were counted. In each 
case, the quantity of immature fruit was less than 0.02 per 
cent of the total, a commercially insignificant fraction. 


A further test was performed to determine the con- 
sistency with which the machine would place a particular 
lemon in a given color category. Sixteen picces of fruit 
representing approximately equal gradations in the total 
color range were selected by visual comparison. This fruit 
was machine-sorted 25 times. The number of times each 
lemon was placed in a given category (in percentage of the 
total trials) is shown in Table 2. 

The effect of noise voltage on the sharpness of delinea- 
tion between grades is clearly discernible in the data in 
Table 2. Ideally, each lemon would fall in a given category 
100 per cent of the time. From a practical standpoint, the 
precision of measurement indicated by the table is approxi- 
mately equal to that attained in manual sorting. 


CONCLUSIONS 
The following conclusions have been reached jointly by 
the authors, representatives of the lemon industry, and pack- 
ing-machinery manufacturers: 
1 The usefulness of IVR as a criterion of color has been 
established. 


2 The method of measuring IVR outlined in this paper 
is satisfactory from a manufacturing standpoint. 

3 The performance of the experimental machine is com- 
mercially satisfactory with regard to precision of sorting and 
injury to the fruit. 

4 It is desirable, and it may be commercially necessary, 
that the capacity of the machine be increased. 

5 The methods and apparatus embodied in the experi- 
mental machine can be applied to sorting other fruits and 
vegetables. 
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N THE past year or so the term “flood prevention” has 
come into wide use to connote a particular kind of pro- 
gram activity. This paper will discuss the special mean- 

ing that has been attached to it. 

The 1953 federal budget carried under the Department 
of Agriculture, an item headed “Flood Prevention: in 
previous years this item was titled “Flood Control.” It 
contained estimates of funds to enable the Secretary of 
Agriculture to carry out responsibilities placed on him by 
the Flood Control Act of 1936 and subsequent legislation, 
namely, to make preliminary examinations and surveys of 
watersheds and to carry out works of improvement thereon 
for the purpose of runoff and watertlow retardation and 
soil-erosion prevention. The 1936 Act and other legislation 
also authorized the Secretary of the Army, through the 
Corps of Engineers, to make surveys and carry out improve- 
ments on rivers and other waterways for flood control. 
Much confusion had resulted from calling the activities 
of both departments ‘‘flood control.” 

Actually, the watershed work of the Department of 
Agriculture has been consistently directed toward the in- 
stallation of measures designed primarily to prevent the 
formation of floods. We have sought to achieve this ob- 
jective, first, by assisting in the application of land-treat- 
ment measures that are effective in increasing infiltration 
and the water-holding capacity of the soil reservior. 
Secondly, we have planned and installed measures such 
as waterflow-retardation structures and have improved the 
carrying capacity of tributary channels to prevent overbank 
flow or flooding. In other words, flood prevention work 
is aimed at achieving the maximum practicable management 
of storm precipitation on the land where it falls and of 


This paper was presented at the winter meeting of the Ameri- 
can Society of Agricultural Engineers at Chicago, IIl., December, 
1952, as a contribution of the Soil and Water Division. 


The author — Cart B. BRowN — is assistant chief of opera: 
tions, Soil Conservation Service, U.S. Department of Agriculture 
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Flood Prevention Through Watershed Planning 


By Carl B. Brown 


storm runoff in the small branches and crecks of the upper 
watersheds —- all essentially above alluvial flood-plain areas 
Probably no engineer has ever contended that all floods 
can be prevented by such means —- or any other means, 
Flood prevention, as a term, is used to detine an objective, 
namely, sceking to prevent to the fullest practicable extent 
the formation of flood flows, or flows exceeding the bank- 
full capacity of watercourses that must carry the runoff. 

The Corps of Engineers program, on the other hand, 
is primarily aimed at controlling tlood tlows after they have 
formed in the main river valleys. To accomplish this, they 
have employed three principal tools often, if not usually, 
in combination; namely, (1) improved channels, cutoffs 
and floodways, to carry flood flows through or past stream 
reaches at lower stages, (2) levees or floodwalls around 
areas of high damageable values, such as cities or broad ag- 
ricultural flood plains, and (3) large reservoirs impounded 
by dams across main stem or tributary flood plains to store 
great volumes of floodwater. The Corps of Engineers 
would probably never contend that all floods can be con- 
trolled, any more than that they can be prevented. The 
objectives of the two programs, although dissimilar, are 
basically complementary and not competitive. 

What I want to say is concerned more with basic prin- 
ciples than with technical details of flood prevention, more 
with needs than with existing laws and policies, and more 
with guidelines to future action than with past accom- 
plishments. 

First of all, let me expand somewhat on the dominant 
flood-prevention objectives of watershed programs. — In 
headwater valleys, where a major part of the nation’s pre- 
sent average annual flood losses occur, the damages are 
largely agricultural, They include losses of crops and dam- 
age to land and improvements, rural roads and bridges. 
The prinicipal flood-prevention objective of watershed pro- 
grams is, therefore, the reduction of these rural agricultural 
damages in tributary valleys. Protection of downstream im- 
provements, such as urban areas and reduction of silting 
in reservoirs on the main fiver, 
constitute important additional 
benefits from such programs. 

In most tributary valleys, 75 to 
90 per cent or more of the total 
flood losses are caused by com 
paratively small storms, those that 


This is an example of flood preven 
tion by means of contour tillage and 
terracing. The picture shows a typi- 
cal terrace system in the Blackland 
Prairies (Texas) Soil Conservation 
Problem Area, which makes up a 
large part of the Upper Trinity River 
drainage area. Terraces and con 
toured rows hold rainfall on the 
land and permit it to soak into the 
soil, Excess water is discharged into 
vegetated waterways which lead the 
runoff into natural drainageways 
without damage to the land. (SCS 
photo) 
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occur ON an average more frequently than once in 10 years. 
In many areas the predominant damage comes from the 
overflows that occur almost every year, and often several 
times in One year. 

Our studies have shown that if overflow in tributary 
valleys could be reduced to not more than once in 10 
years, the flood-damage risk would be no greater, in gen- 
eral, than other agricultural risks such as drought, hail, 
early frost, lightning, and pests — risks which the farmer 
takes year in and year out. Flood protection up to a 10- 
year frequency is generally sufficient to encourage land- 
owners to make the fullest productive use of flood-plain 
lands. In many areas, however, flood protection up to 25- 
year frequency or even more can be obtained at only a little 
more cost but with more benefits per unit of cost. It is 
questionable, however, whether the high degree of flood 
protection of the type generally provided by the Corps of 
Engineers on main-stem rivers is economically sound in 
most tributary valleys where the predominant losses are 
agricultural. 


PROBABLE PROTECTION FOR 5O MILLION ACRES 

Probably something like 50,000,000 acres subject to 
overflow in tributary valleys can be given reasonable pro- 
tection by watershed programs. This relatively flat land, 
generally free from sheet erosion, is, on the average, po- 
tentially the most productive land we have if it is given 
reasonable flood protection. Based on watershed surveys 
of more than one-third of the nation, we estimate that pro- 
grams of land treatment and waterflow-retardation measures 
could provide in these tributary valleys an increased agri- 
cultural production equivalent to that of 6,700,000 acres 
of Class I land, in addition to all other benefits from re- 
duction of flood damages. This would be brought about 
by an average level of protection against overflow of some- 
what less than 10-year frequency. This is not the limit of 
possibilities, but merely a conservative and foreseeable 
goal. The increase from even this conservative goal com- 
pares favorably, however, with the agricultural potential 
that can be achieved by irrigating all the remaining ir- 
rigable lands for which water can be made available in 
the 17 western states. This additional agricultural produc- 
tion will be greatly needed within the next 25 years to meet 
the demands of our increasing population. 

There has been a good deal of publicity in the last two 
years about the relative flood-control effects of watershed 
and downstream programs — of “‘little dams versus big 
dams.’ I would like to make our views on this subject as 
clear as possible. 

A watershed program designed primarily to protect 
the agricultural resources of tributary valleys against over- 
flow more frequently than once in 10 to 25 years will yield 
some benefits in the main river valleys. Smaller floods may 
be eliminated and larger ones reduced. 

Watershed programs will have only minor and possibly 
negligible effects, however, on larger floods that occur on 
an average only once in 50 to 500 years. Typical of such 
floods are those on the Kansas and Missouri Rivers in 1951, 
the Columbia River in 1948, and the Ohio River in 1937. 
These floods make most of the headlines, but they do not 
cause the major part of the nation’s average annual flood 
losses. 

In order to achieve positive protection against these 
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superfloods, other measures in addition to watershed pro- 
grams would certainly be needed in the main valleys. These 
include levces, floodwalls, channel improvements and ma- 
jor reservoirs, It would scem to be sound national policy, 
however, to evaluate these measures in relation to water- 
shed programs as well as flood-plain zoning, flood insur- 
ance, and related measures to reduce or cover flood risks. 

Organized flood-prevention work is still in its infancy 

about where the soil conservation program was in 1934. 
To understand what is needed to move forward with a 
flood-prevention program, it is important to understand 
what is being done now that contributes to this objective. 

Flood-prevention work includes the installation or ap- 
plication of those types of land uses, conservation practices, 
and preventive measures that are effective in runoff and 
waterflow retardation and soil-erosion control above the 
flood plains of our mayor rivers and their principal tribu- 
faries. To the extent that flood damages occur — and 
they do on nearly every stream —a potential need exists 
for flood-prevention measures on all the lands and minor 
watercourses tributary to that stream. 

On public laads the responsibility for flood prevention 
is obviously solely a public one. On private lands the re- 
sponsibility must be shared in varying degrees between the 
landowner and the public as represented by various levels 
of government. That is to say, government cannot and 
should never attempt to come on to any man’s farm to in- 
stall measures for flood prevention without regard to his 
needs or desires. 

A very large percentage of the total flood damages in 
this country results from runoff and soil erosion on pri- 
vately owned land. The reasons are obvious. First, the 
larger part of the public lands of the nation is in the 
western states. Most of the public domain and Indian 
lands have arid to semiarid climate. Damageable values 
are low and the frequency of flood-producing runoff in any 
given area is low. The national forests and parks, whether 
in the East or West, are generally in better shape and bet- 
ter protected against excessive runoff than any other part 
of our land area. It should be understood that there are 
many exceptions and that a large need exists for improv- 
ments on public land in the interest of flood prevention. 


This picture shows a floodwater retarding structure on the Owl 

Creek watershed in Oklahoma still partially at flood stage follow- 

ing a rainfall of approximately 13.5 in in 36 hr. The 18-in 

corrugated metal outlet tube is releasing the floodwater at a rate 

well within the capacity of the stream channel below, as shown 
in the upper left corner of the picture. (S.C.S. photo) 
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But in terms of total need, the great bulk of it concerns 
private lands. And on private lands the predominant need 
and the principal opportunity for improvement occur on 
cuitivated, pastured, and idle lands and in the branches 
and creeks to which they yield their runoff. My subsequent 
remarks will, therefore, be confined to flood-prevention 
work on privately owned agricultural lands. 

Measures contributing to flood prevention can be classi- 
fied in two broad categories. They can be classitied in 
terms of purpose and also in terms of methods of ac- 
complishment. In terms of purpose, there are, first, the 
land-use and treatment measures, which are effective in in- 
creasing the infiltration of precipitation and the water- 
holding capacity of the soil and of preventing soil erosion 
on watershed lands. They include familiar measures such 
as contouring, terracing, strip cropping, grassed waterways, 
rotations, pasture and woodland improvement, etc. This 
category also includes watershed-stabilization measures, 
such as control of major gullies by structures or vegetation. 

This group of measures has one distinguishing char- 
acteristic, namely, that in most cases the predominant bene- 
fits from their use occur “on-site,” that is, on the fields and 
farms where they are installed. This ts not to say that they 
may not have a highly significant effect on reduction of 
flood damages. Often they do, but this is not their major 
benefit. To illustrate, let me take a hypothetical but typical 
agricultural watershed of 10,000 acres. This includes 700 
acres of land subject to flooding. The annual flood damage 
to crops, roads, and property averages $40 per acre sub- 
ject to overflow. Land-use and treatment measures alone 
will reduce this damage by $15 per acre, or $10,500 an- 
nually. But these same measures will increase the net in- 
come from the 9,300 upland acres, which are not  sub- 
ject to flooding, by an average of $10 per acre. Thus the 
on-site benetit is $93,000 annually or about nine times as 
much as the flood-reduction benetit. In other words, the 
predominant direct benefits accrue to the landowners where 
the measures are installed. 

A second category of measures are those planned pri- 
marily for the management of waterflow after it has left 
the fields and farm waterways and reached the small 
branches and creeks. These measures include floodwater- 


Pictured here is an example of revegetation to alleviate flood 
damage. It shows a bluestem planting on an eroded field on the 
King Ranch in Texas after two growing seasons. This field now 
produces an abundance of good grazing. The dense cover has 
practically eliminated surface and gully erosion, and infiltration 
of rainfall into the soil has been greatly increased (S.C.S. photo) 
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retarding structures, stream-channel improvements to in- 
crease Carrying capacity and stabilize beds and banks, 
minor floodways, sediment-detention basins and similar 
measures. The distinguishing characteristic of this group 
of measures is that their primary benetits are off-site or 
downstream, not at the places where they are installed. In 
this sense, the primary benefits are public, because they ac- 
crue to other farmers, towns, roads, etc., downstream from 
where the measures are installed. In the illustration I have 
given three ungated retarding structures having a total de- 
tention capacity of 2,500 acre-feet and costing a total of 
$100,000 would reduce the average annual flood damages 
by an additional $20 per acre for a net benefit of $14,000 
annually. 

We can also catalogue measures that aid in flood pre- 
vention according to how they can be established or in- 
stalled. A large part but not all of the land-use and treat 
ment measures are of such a nature that farmers and 
ranchers can and will instail them on their own land if 
given an understanding of their value, technical aid in 
their planning and installation, and some degree of finan- 
cial assistance. 


GROUP ACTION USUALLY NEEDED FOR FLOOD PREVENTION 


Certain of these measures, however, which are necded 
for stabilization of watershed lands are either too complex 
for landowners to install, or else the benefits will be so 
long deferred that it is unreasonable to expect very many 
farmers to do these jobs. For example, reinforced con- 
crete structures needed to stabilize large gullies, such as 
occur in western Towa, require all the elements of plan- 
ning, design, and supervision of construction that go into 
a major flood-control dam, The benetits from this type of 
gully control are primarily to watershed lands that would 
be destroyed by the headward growth and enlargement of 
the gullies. And these lands may be on other farms above 
the present gully head. If economically justified in’ the 
public interest, it becomes more efficient and economical 
for the installations to be made by agencies of govern 
ment under binding maintenance agreements. 

The measures that are primarily for flood prevention, 
such as retarding structures and channel improvement, can 
rarely be installed by individual landowners, They require 
group action, highly skilled technical planning, and cor- 
porate or governmental financing. 

For almost 20 years the federal government has been 
carrying out extensive programs of aid to individual land- 
owners and operators in establishing or applying conserva- 
tion measures that meet primary objectives of flood pre- 
vention, namely, increasing the infiltration of rainfall and 
the water-holding capacity of the soil, These programs 
have been carried out under national authorizations such 
as the Soil Conservation Act of 1935. Under this author- 


ity, the Soil Conservation Service, for example, is NOW pro- 
viding technical assistance to nearly 2,500 soil conserva- 
tion districts which include 84 per cent of the agricultural 


land of the nation. As of June 30, 1952, 1,120,000 
farmers and ranchers operating 322,000,000 acres of land 
were cooperating with these districts. 

In addition, the USDA Production and Markeung Ad- 
ministration, through its agricultural conservation program, 


has been giving assistance in more than 3,000 agricultural 
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counties in the nation by making payments for part of the 
cost of application of conservation practices. 

A large part, if not the major share, of work done 
under these programs has aided in flood prevention. 

On the other hand, very little has been accomplished 
so far by the federal government in aiding in the installa- 
tion of those measures for watershed stabilization and flood 
prevention which are beyond the capacity of individual 
landowners and operators to install, either because they 
are too complex or too costly to the individual or because 
they produce benefits that are either mainly off-site or are 
long deferred. 

In the Flood Control Act of 1936 and subsequent acts, 
the Congress has authorized the Department of Agriculture 
to make preliminary examinations and surveys on more 
than 1,000 watersheds embracing nearly the entire area ot 
the United States. Prior to World War II, survey reports 
were completed on 18 watersheds but programs were re- 
commended on only 11 of these. Watershed operations in 
these 11 watersheds were authorized in the 1944 Flood 
Control Act. They are the only areas in which complete 
watershed programs are now being carried out. As a re- 
sult of survey activities since the war, reports have been 
submitted to the Congress over a period of slightly more 
than one year past on 11 additional watersheds and on 5 
other watershed areas in the Missouri River Basin, making 
a total of 16 watersheds for which authorizations have 
been requested by the Congress. Surveys on more than 50 
additional watersheds are currently under way or in the 
process of review, 

These survey reports do not generally contain plans for 
specific measures to be installed at specific locations. They 
do present estimates of the kinds, quantities, and federal 
costs for installation of all measures needed over and 
above those expected to be installed under going national 
programs. The survey reports recommend appropriations 
sufficient to complete the watershed programs in periods 
of 10 to 20 years. 


PROGRAMS OF PEOPLE ON THE LAND 

In attempting to coordinate watershed programs with 
major river development programs, we have been repeated- 
ly confronted with the question as to why we cannot pre- 
sent specific plans in survey reports. The answer to this 
question is quite simple. Watershed programs are, and 
must always be, programs of the people who live on the 
land. Most of the watershed work is done on individual 
farms. Even retarding structures seldom cover parts of 
more than two or three farms. Planning of cooperative 
work with individual farmers or groups of farmers cannot 
be done long in advance of carrying out the work, or else 
the planning has to be done over. Farmers or groups of 
farmers can make for substantial 
cash outlays or services more than one crop season ahead. 
On an average, 5 per cent of our farm land changes hands 
every year. Under the 1936 Flood Control Act, an aver- 
age time of more than 10 years has elapsed between initia- 
tion of watershed surveys and appropriation of funds for 
operations under authorized watershed programs. Even if 
all unforeseen delays were eliminated, this time could 
hardly be cut to less than four or five years for this 
kind of activity. Thus far the Department of Agricul- 
ture has relied solely on the 1936 Flood Control Act as a 


seldom commitments 
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means for aiding local people to carry out watershed pro- 
grams in the interest of flood prevention. 

In the last two years local interest in carrying out com- 
munity watershed programs has increased astonishingly in 
nearly every section of the country. More than 300 water- 
shed organizations have been formed and many more local 
groups are working through soil conservation districts and 
other organizations to achieve similar objectives. The scope 
and urgency of local interest in developing more effective 
and expeditious channels for carrying out watershed pro- 
grams are today confronting leaders at various levels of 
government with a challenge of the first magnitude. This 
challenge extends from soil conservation district super- 
visors to state agencies, to the Department of Agriculture, 
the Bureau of the Budget, and the Congress. 


GUIDELINES IN WATERSHED PLANNING 

In conclusion, I would like to suggest some possible 
guidelines to future action directed toward effectively 
meeting these local needs and desires: 

1 Watershed planning, which includes locating and 
evaluating all principal water-management measures, is the 
key to watershed action just as the conservation farm plan 
is the key to sound use and conservation treatment of the 
farm. 

2 Watershed planning can be accomplished only as a 
joint undertaking of people living in the watershed and 


technical planning specialists. 


3 Watershed planning can be satisfactorily done only 
on areas which are (a) logical hydrologic units and (b) 
of such size that those living therein can all participate in 
group action. The size may vary from a few thousand 
acres or less to a few hundred square miles or more. If 
an average of 100 square miles were assumed, there would 
be at least 25,000 such watershed planning units in the 
United States. 


4 Federal participation in small watershed program; 
could be more efficiently carried out under a nation-wide 
authorization rather than under separate river basin or 
watershed authorizations. It is a logical extension of the 
assistance now provided under national legislation in plan- 
ning and applying conservation measures on individual 
farms and ranches. Administrative and legislative control 
of federal assistance for small watershed programs could 
be adequately achieved as a part of the appropriation 
process. 

5 River-basin and large watershed surveys are desir- 
able for the purpose of determining the framework of con- 
servation needs and coordination of watershed programs 
by agricultural agencies with river developments by the 
Corps of Engineers, Bureau of Reclamation, and other 
agencies. 

6 Planring assistance by the federal government on 
watersheds primarily in private ownership could be made 
available only upon application for such assistance by duly 
constituted local organizations such as soil conservation 
districts, conservancy districts, flood control districts, etc. 
Federal funds to provide for such planning might be ap- 
propriated to existing agencies for this specific activity 
under either present or new national legislative authority. 
Federal assistance in planning should be contingent on 
reasonable assurance that local = (Continued on page 167) 
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MEMBER ASAE 


RELIMINARY results obtained from the study con- 
ducted with the poultry respiration calorimeters of the 
Division of Farm Buildings and Rural Housing (BPI- 
SAE), U.S Department of Agriculture at Beltsville, Md., 
are reported i in this paper.* 

The objectives of the project are to study the effect of 
temperature, humidity, and other environmental variables, 
on egg and meat productions, to obtain heat and moisture 
data pertinent to the design of poultry housing adapted to 
the comfort of the chickens, and to evaluate ventilation and 
wet-litter problems. 

The project is conducted in cooperation with the Poultry 
Section of the Bureau of Animal Industry. They assist in 
selecting the hens, maintaining their health, providing 
standard ration, and in other ways. 


DESCRIPTION OF CALORIMETER 

The respiration calorimeters used in the study are pat- 
terned after Atwater and Benedict's (1) model*. In the tests 
here reported the ventilating air was brought in from out- 


This paper was presented at a meeting of the North Atlantic 
Section of the American Society of Agricultural Engineers at Orono, 
Me., August, 1952. 

The authors — Hajime Ora, H. L. GARverR, and WALLACE 
AsHByY-—are, respectively, agricultural engineer, senior agricultural 
engineer, and head, division of farm buildings and rural housing 
(BPISAE), U.S. Department of Agriculture. 

Author's Note: The authors acknowledge the contribution of 
J. R. McCalmont and J. R. Vincent, former agricultural engineers, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, and 
H. G. Barott, former biophysicist, poultry section, Bureau of Ani- 
mal Industry, in building the calorimeter and running the earlier 
tests; also of H. R. Bird, biochemist in charge, R. J. Lillie, nutri- 
tionist, E. H. McNally, biologist, and M. W. Olsen, poultry hus- 
bandman, poultry section (BAI), for assistance in planning the 
test program and in analyzing the results. 

*H. L. Garver, project leader, made a brief report on the project 
and its facilities for this study before the winter meeting of the 
American Society of Agricultural Engineers at Chicago in Decem- 
ber, 1951. 

*Numbers in parentheses refer to the appended references. 
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Heat and Moisture Production of Laying Hens 
By Hajime Ota, H. L. Garver, and Wallace Ashby 
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doors and conditioned with an air drier, a cooler and 
electric heater. The inside dimensions of cach box are 5 x 7 
ft in plan and 6 ft high. 

A typical wall section is shown in Fig. 1. The inner 
most wall consists of a 16-0z copper sheet soldered at the 
scams to form an airtight box. Spaced 4, in outward from 
the copper is a sheet aluminum wall for reflecting radiant 
heat rays. Outward from the aluminum ts another copper 
wall which provides a temperature control plane. The two 
inch control space between the outer copper wall and the 
insulation contains serpentine, cooling coils attached to the 
plywood backing of the insulation, and electrically heated 
wires are supported midway in the air space by means of 
insulators. 

The walls, ceiling and floor are divided into two panels 
cach. A cooling coil and a heating wire are provided for 
cach panel. Thus the six sides of the calorimeter consist of 
12 control panels. 


Any small temperature difference between the inside 
and outside copper walls (per panel) is detected by means 
of two 12-junction thermopiles which are connected in se- 
ries. The 12 junctions in cach panel are in thermal contact 
with the metal walls and connected to a 16-point Leeds and 
Northrup nullpoint recorder-controller potentiometer. When 
heat is demanded, the controller actuates a relay to close the 
heating circuit. If there is an excess of heat, the relay cuts 
in some external resistance to reduce the electrical energy 
input to the heater. Thus by manually adjusting the rate of 
coolant flow so that its temperature is slightly lower than 
the desired temperature in the temperature-control space, the 
final adjustment can be made with a rheostat connected in 
series with the heating clement. Then the controller auto 
matically maintains the temperature to prevent an unbalance 
of more than about 0.1 F. 
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Fig. 2 Schematic diagram of the calorimeter and auxiliary equipment 
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Phe heat liberated within the box ts partially picked up 
by finned heat absorption coils which are located around 
the room 8in from the ceiling and walls (Fig. 2). Suf 
ficient a tempcraturc below the 
calorimeter air temperature to absorb heat. The tempera- 
tures of the “in” and “out” coolant are recorded with copper- 
constantan thermocouples. 
manually. 


coolant 1s circulated at 


The rate of flow is adjusted 


The poultry equipment within the calorimeter consists 
of the usual equipment found in an ordinary farm poultry 
house. 


EXPERIMENTAL PROCEDURE 


The two respiration calorimeters were designed to simu 
late farm conditions, except for the control of environmental 
temperature, humidity, air flow and light. From a pool of 
about 100 hens, two groups of 10 cach are selected whose 
live weights and egg production records are about the same. 

A period of onc to two wecks ts allowed for the hens to 
become acclimated to the new environment and accustomed 
to handling. When the desired temperature is more than 
SV off the prevailing average outdoor temperature, the 
calorimeter temperature is lowered or raised in 3 to 5 F steps 
daily until the test condition is reached. These steps are 
taken to minimize the onset of temporary molt of the layers. 

The 14-hr “daylight” period is regulated with a time 
switch. This lighted period was arbitrarily selected to main- 
tain egg production. The switch provides a 15-min dim- 
ming period to encourage the hens to roost. 

All the tests reported in this paper used a deep feed 
trough, because preliminary tests showed that the hens 
“billed out” about 10 to 15 per cent of the feed from a 
shallow feed trough. If the sidewalls of the feed trough are 
about 3 in above the feed, little if any is billed out. 

During the course of preliminary tests, there was con- 
siderable wetting of the litter surrounding the fountain duc 
to water dripping from wattles of the hens. To overcome 
this wastage the trough was fitted with /4-in hardware cloth 
slotted in several places. 

About once a week the chickens were weighed and 
checked. Any hen found to be ill was removed and another 
from the pool was substituted. Representatives of the Poul 
try Section spotted the non-layers, but as long as they were 
not sick we left them in the calorimeters. 


TABLE 1.) GENETIC LAYING MASH OF BAI 
Protein Fat Carbohydrates 
Lb Per cent Lb Per cent Lb Per cent Lb 
Ground yellow 
cor 6045 9.4 56.1 10 24.1 689 115.0 
Pulverized oats 4300 90 27.0 5.4 16.2. 61.1 183.0 
Stand. middlings 400° 17.6 704 5.0) 20.0 566 226.0 
Bran (wheat) 200 164 32.8 7) 86 530 106.0 
Wheatmeal 
Meat scraps 
(55%) 60 $5.0 43.0 7.3 4 1.3 26 
Altalta meal 120 20.0 24.0 3.2 3.8 10.3 iS.4 
Soybean meal 200 14.2 88.3 § 10.6 29.9 59.7 
Sardine meal 50 67.2 44.5 5.0 2.5 54 2.7 
Limestone 20 
Bonemeal 25 13.4 4.4 9,7 24 1.2 0.3 
Manganized salt) 10 
D-Sterol 2 
B, (0.5 mg per gm 
riboflavin ) 10 
Dried skimmilk 
100 units D 
2000 units A ——— De ces a 
2000 3684 92.6 1043.7 
a is i ™ re ates a, 
Pe 


. 
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Table 1 gives the compos:tion of feed used in th 
tests. No scratch feed was given. 


COLLECTION OF DATA 


In a study of this nature tremendous amounts of data 
are taken daily to assure maintenance of environmental con- 
ditions. Continuous temperatures are taken with a Brown 
recording potentiometer of the ventilation air, of the coolant 
temperature through the absorption coil, and of wall points 
within the calorimeters with two Micromax null potentt- 
ometer recorder-controllers. Continuous recordings are taken 
of the emf differentials of the thermopiles across the double 
copper walls. Theoretically, all of the thermopiles should 
register on the null line when the temperatures on both sides 
of the double copper walls are the same. Corrections are 
made when otherwise. The dewpoint temperatures of the 
in-out air are recorded on a Foxboro Dewcell recorder and 
checked with an aspirating psychrometer. In future tests 
dewpoint temperature will be checked by gravimetric meth- 
ods. In addition to the automatically recorded data, watt- 
hour meters are read to determine the heat input to the lamp 
and to a small non-oscillating fan which prevents air strati- 
fication. Indicated cfm air flow rate is read by means of a 
Fischer and Porter's Flowrator. 

To avoid excessive rates of air flow it is necessary to use 
the absorption coil to remove part of the heat from the 
calorimeter. The coolant flow rate is checked several 
times daily. When the coil is at a temperature below the 
dewpoint of the air in the box, daily records are taken of 
the condensate. When the coils are iced, the coolant is 
heated with an immersion heater in the pipe line and quickly 
defrosted about every 3 to 4 days. The condensate is pro- 
rated over the interval required to accumulate it. 
no gas analyses have been made. 


To date 


Daily egg production records are taken, except on weck 
ends and holidays, when production is averaged. Rates of 
feed, water and oyster-shell consumptions are taken about 
every 3 or 4 days and weekly litter samples are taken for 
moisture determination. The wooden items, which include 
floor and table for roosts and nests, are weighed periodically 
to ascertain the rate at which water is picked up. The litter 
of pine-oak sawdust and shavings is also periodically re- 
moved and weighed to determine the rate of litter and 
water accumulations. 


ANALYSIS OF DATA 
In the analysis for heat balance, the following equation 
was used: 


0, Hi, T H 12 


a Hut Het Hys+ By 


where OQ, — total heat production attributed to the hens and 


to bacterial or decomposition heat of litter. 


H,,— latent heat transfer in the ventilated air 

H,»~— latent heat in the condensate taken at the average 
coolant temperature of the absorption coil 

H., — sensible heat contributed by the light and fan 

H .» — sensible heat in the ventilated air 


Hy, ~— sensible heat taken out by the coolant in the heat 
absorption coil 


B, — sensible heat leakage to or from the calorimeter. 
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To facilitate computation of heat and moisture calcula- 
tions, Carrier's Psychrometric Charts AC 222 and AC 246 
were used together with Zimmerman and Lavine’s ‘'Psych- 
rometric Tables and Charts” (11). 

The moisture and heat production data presented are the 
weighted means for a 24-hr day. The latent-heat figures 
include evaporation from the litter and drinking fountain 
as well as moisture from the chickens. It ts emphasized that 
there is a diurnal rhythm of metabolism as reported by other 
researchers (2, 3, 4). Metabolism its lower during the night 
per.od than the daylight hours. In addition to the daily vari- 
ations in diurnal rhythm, there is apparently a seasonal one 
as Winchester reported in 1940 (5). However, no correc- 
tions for rhythmic variations were made in the data. 

In an attempt to reduce all heat data to a common 
denominator, all the values are adjusted to those of a 5-lb 
laying hen, calculated from the relationship that heat pro- 
duction is directly proportional to the 0.73 power of the live 
weight (6, 7). No other corrections were made because all 
the birds weighed about 5 Ib and were about the same age. 
However, it should be recognized that heat production de- 
pends both on egg production and on feed consumption as 
indicated by Mitchell and Haines (8). Bird (9) reports 
that in addition to maintenance and growth requirements, 
about 113 oz of water and 11% oz of feed are required to 
produce an egg. 

As in all research work, some method of checking the 
accuracy of the data is essential. Total heat calculations were 
made from feed consumption for some of the tests but the 
results were not satisfactory. 

A partial check, which we think is quite reliable, is to 
make total water input-output balance. The sum of the 
weighed input and the calculated output of water were 
compared and any differences were regarded as variations 
from input. Negative percentage indicated output deficiency 
while positive values showed excess removal. The following 
were the variations: in the 40 F dry-bulb range, — 6.9 to 

+ 5.9; in the 50 F range, ~ 4.8 to + 2.6; and in the 80 F 
range, —5.5 to +6.7. 

In the calculation for water input, free water consisted 
of drinking water and moisture in the feed (averaged 10 
per cent wet basis). The third item of water input was 
derived from the composition of the feed as outlined in 
Mitchell and Kelley's report (14). This is known as meta- 
bolic water and is that water created by the oxidation of 
nutrients in the chickens. About 44 per cent of the wet 
weight of feed is turned into water, exclusive of free water 
content. The total water input is then the sum of fountain 
water and free and metabolic water in feed. 

Following are the items of water output: 

1 Increase in water content of litter as determined by 
moisture sampling 


2 Moisture accumulation in wooden items 


2 


3 Water in cggs amounting to 65 per cent of the 
weight of whole eggs (12) 

4 Ventilated water including moisture removal by air 
and the condensation collected from the heat-absorption coils 


5 Water retention or emission due to gain or loss of 
hen weight, with proper algebraic sign (13). 


RESULTS OF TESTS 


Based on tests with about 4-Ib per hr per hen air flow, 
the results were as follows: 


Tests at 39.8 to 43.9 F Dry-Bulb Range and About 88 
Per Cent Relative Humidity 


At these environmental conditions the sensible heat was 
32, the latent heat 21, with a total heat of 53 Btu per hr per 
hen. The average air flow rate was 4.6 lb per hr per hen 
(ranged 4.56 to 4.66), and the supply air averaged 35.9 F 
dry bulb and 28.8 F dew point. The average amount of 
water removal by ventilation, including the condensate, was 
0.46 Ib per day per hen. The average feed, fountain water 
and oyster-shell consumptions were 0.340, 0.616, and 
0.0114 Ib per day per hen, respectively. To the fountain 
water consumption should be added 10 per cent free water 
and 44 per cent metabolic water in feed for total water 
intake. The average egg production for ten hens was 0.091 
Ib per day per hen, 0.69 eggs per day per hen and 1.99 oz 
per egg. 

The average moisture accumulation in the litter amount 
ed to about 0.20 Ib per day per hen. The equilibrium point 
at which moisture remained constant was not reached. 
Average litter moisture at the end of the 4-week test was 50 
per cent wet basis. There appeared to be very little bac 
terial action in the litter as evidenced from the very slight 
ammonia fumes. The litter surrounding the feed trough 
was very wet while the litter beneath the dropping board 
was somewhat stirred and remained granular in texture. 

At the end of the series of tests 9 hens were declared 


2 


healthy, with 3 non-layers and 1 sick. 


Tests at 55 to 59 F Dry Bulb and 76 to 89 Per Cent 
Relative Humidity 


The heat productions under these conditions were sen- 
sible 26, latent 23, and total 49 Btu per hr per hen. Supply 
air to box averaged 4.4 lb per hr per hen (ranged 4.06 to 
1.59) with 50 to 60.5 F dry bulb and 26 to 31.3 F dew 
point. The average amount of water removal by ventilation 
was 0.55 Ib per day per hen. The egg data was 0.095 lb per 
day per hen, 0.777 eggs per day per hen and 1.960z per egg. 
The average feed, fountain water and oyster-shell consump 
tions were 0.306, 0.570, and 0.012 Ib per day per hen, 
respect ively. 

The average moisture accumulation in the litter amount 
ed to about 0.174 Ib per day per hen. Although litter had a 
little over 36 per cent moisture content on wet basis at the 
end of the 25-day test period, there was practically no 
“caking.”” No attempt was made to attain the equilibrium 
point at which moisture content remained constant. The 
litter was well stirred by the chickens and apparently at 
about this calorimeter air temperature maximum physical 
activ.ty takes place. The conditions were conducive to accel 
erated production of ammonia in the litter. To reduce this 
so that the caretaker could withstand the ammonia fumes, 
about 1!) to 2 lb of superphosphate was applied to the lit 
ter cach week. It appeared that most of the ammonia rose 
above the head level of the chickens despite good air move 
ment throughout the box, for no eye soreness was detected 
in the hens. 


For this series, all 10 hens were declared healthy, with 
two non-layers at the end of the test period. 
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Tests at 83.2 to 88.2 F Temperature, 57 Per Cent 
Relative Humidity 


At the higher environmental temperature somewhat cr- 
ratic results were obtained and too few tests were conducted 
at a constant air flow rate. However, to suggest a trend, two 
tests will be mentioned in this paper 

At an environmental condition 83.2 to 88.2 F dry bulb 
and 66.5 to 70.6 dew point, the average moisture removal 
was 0.66 Ib per day per hen with an average air flow of 4.88 
Ib per hour per hen (ranged 4.86 to 4.90), supply air 
ranged from 80.8 to 95.5 F dry bulb and 49.4 to 55.5 F dew 
point. The heat productions were 29 latent, 5 sensible, and 
total heat 34 Btu per hr per hen. The feed, water and 
oyster-shell consumptions were 0.246, 0.573 and 0.014 Ib 
per day per hen, respectively. The average egg data was 
0.555 eggs per day per hen, 0.064 Ib per day per hen and 
1.84 oz per egg. The litter moisture content was below 17 
per cent wet basis, with practically no moisture accumulation. 


Additional Information at 50 F Dry Bulb and 85 Per Cent 
Relative Humidity, and 68 F Dry Bulb and 
84 Per Cent Relative Humidity 


After this report was made at Orono, Me., in August, 
1952, the authors felt that additional information should be 
included. Accordingly, the calorimeters were operated with 
air-flow rates of 4.5 and 4.3 lb per hr per hen, respectively. 
From data obtained in these tests, three points at the higher 
and four at the lower temperature condition were plotted on 
Charts 1, 2 and 3 without relocating the original curves. The 
ranges of dry-bulb temperatures were from 49 to 50.8 and 
67.3 to 69.4 F. 

The two sets of additional data were not obtained con- 
currently. In the 50 F tests the hens were 7 months old, 
while during the 68 F tests they were 8 months old. Both 
groups of chickens were taken from the same hatch. 

Data on heat production (Chart 1) appear to be in fair 
agrecment with the curves. 

Chart 2 shows feed and water consumption at 68 F to be 
in close agreement with the original curves. The amount of 
water removed, which excluded water contained in eggs and 
in weight change of hens (13), was a little lower than that 
indicated in the curve. 

At the lower environmental temperature, feed and water 
consumptions and water removal (Chart 2) are 
a little higher than the original data indicated. 
Perhaps the fact that these hens were still grow- 
ing influenced the data. 

Egg production (Chart 3) is in fair agree- 
ment with the curves, except for the size of eggs 
which probably was influenced more by age than 
by other factors. 


Les. / AY / HEN 


There appeared to be less physical activity or 
“litter stirring’ at 50 F dry bulb than in pre- 
vious tests at around 55 F dry bulb. The litter 


Les. / Day / WEN 
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Chart 1 The effect of air temperature on heat production 


(5-lb R. I. Red hens) 


ammonia was high, but a satisfactory measure of control 
was obtained by sprinkling about 1 to 142 lb of superphos- 
phate on the litter at 3 or 4-day intervals. 

During the test one hen in the 50F box developed 
leucosis, while all ten hens in the warmer environment re- 
mained healthy. 

DISCUSSION 


The smooth curve of Chart 1 was drawn by the method 
of least squares using the points at the three temperature 
ranges of 39.8 to 43.9, 55 to 59 and 83.2 to 88.2 F. Data at 
temperatures below and above those herein reported should 
be obtained before attempting to work out mathematical 
equations. The trend of latent heat is upward from 21 Btu 
per hr per hen at 42 F dry bulb to 29 Btu per hr per hen at 
the upper range. The sensible heat production decreased 
from 32 at 42F dry bulb to 5.0 Btu per hr per hen at 
around 86 F dry bulb. 

Our tests show that total heat production decreased from 


| 
i 
WATER REMOVED | 


a 


increased in moisture to 56 per cent on a wet 
basis and gradually caked over during the 
6-wecek test. 

At the 68 F temperature there was very lit- 
tle “litter stirring’ and the litter moisture in- 
creased to 342 per cent wet basis through the 
6-week test peried. 

At both test conditions the production of 


Les. / Day / HEN 


Chart 2 
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The effect of air temperature on feed and water consumption and water 


removal (5-Ib R.I. Red hens) 
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+> operation of the calorimeter and analysis and 
reporting of future data. We are planning to 
continue the work and make available informa- 
tion which will be valuable to agricultural en- 
gineers and others interested in broiler as well 
as egg production. 


REFERENCES 


WO. EGGS /DAY / HEN OUNCES /EGG 


ORY BULB TEMPERATURE °F 
Chart 3. The effect of air temperature on egg production (5-lb R.I. Red hens) 


54 Btu per hr per hen at 40 F to 34 Btu per hr per hen at 
85 F. This 37 per cent reduction in total heat emitted is in 
contrast with the heat production estimated by Mitchell and 
Kelley (14). Latent heat production per bird in the cham- 
bers was three to six times as large as their estimates of 5 to 
8 Btu per hr per hen at temperatures between 40 to 60 F. 
At the average temperature of 85 F our test showed sensible 
heat was 14 per cent and latent was 86 per cent of the total, 
while they estimated that latent and sensible heats were equal. 
The sampling of litter is quite similar to obtaining a hay 
sample for moisture determination. It is difficult to obtain 
an “average’’ moisture content for any one particular day, 
but enough samplings of the litter over a period of time will 
yield sufficient values to draw a trend curve. Several at- 
tempts were made to separate the moisture evaporated from 
the litter and that released directly from the hens’ bodies 
but none of them were satisfactory. 

To indicate trends in feed and water movement and egg 
production, Charts 2 and 3 were drawn from arithmetic 
averages. Two Additional points at around 36 F were ob- 
tained with 2cfm per hen air flow and included to show 
trend of the curves. It is seen by Chart 3 that pounds of 
eggs per day per hen and the number of eggs per day per 
hen were less at 85 F. Furthermore, eggs were malformed 
and apparently thin-shelled at temperatures around 85 F dry 
bulb. The amount of fountain water consumed and the 
amount of water removed appear to be least about 50-60 F 
temperature range (Chart 2). At the lower temperature 
more feed is consumed and more water is needed to utilize 
the nutrients. At the higher temperatures less feed is eaten 
and less water is used for metabolism but more water 1s 
needed to permit evaporative cooling by panting. 

The hen’s weight gain or loss during these tests and the 
shell thickness of eggs will be reported in the future. 

This report must be considered as preliminary, indicat- 
ing trends rather than absolute values since it was based on 
tests with a total of only 20 hens and at somewhat varying 
air-flow rates. Heretofore air flow was somewhat modulated 
to maintain constant relative humidity within the box. We 
are now installing air washers to remedy the fluctuating char- 
acteristic of chemical air driers for the supply air. With 
better dew-point control, future tests will be conducted at a 
more nearly constant air-flow rate. 

It is hoped that the improvements mentioned and better 
techniques developed as the tests progress will facilitate 
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interests are ready and willing to assume Icadership respon 
sibility in carrying out the plan. 

7 To be mutually acceptable by local people and par- 
ticipating agencies of government, a watershed plan should 
show a favorable ratio of benefits to costs, fair distribution 
of costs based on the relation of private and public bene- 
tits and adequate provisions for maintenance by local peo- 
ple. The federal government should retain no control over 
improvements after their completion. 

8 Federal and state funds might be appropriated to 
provide for the public share of cost of tho © measures 
which cannot be installed by individual landowners and 
which produce primarily off-site benetits. Conditions at- 
tached to appropriations should be sufficiently flexible, 
however, to make governmental participation adaptable to 
the changing needs of the watershed and its people. This 
would involve (a) shortening the time lag to not more 
than one year between completion of the plan and availa- 
bility of funds and (b) continuing the availability of funds 
after appropriation until each watershed program is com- 
pleted. 

9 Federal and state funds appropriated for technical 
and financial assistance to landowners in applying conser- 


vation measures on their own farms might be made avail- 
able under sufhciently flexible arrangements to permit this 
phase of the total watershed program to be carried out in 
proper phase and sequence with the installation of the 
water-management measures. 
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Effect of Roofing Materials on Temperatures in Farm 


Buildings Under Summer Conditions 
By Alvin C. Dale and Henry Giese 


MEMBER ASAE 


ACK of insulation in farm buildings, particularly in the 
roof, often causes undesirable inside temperatures 
due partially to the absorption and transmission of 

solar energy by the roof. 

Little work has been done on the effects of roofing ma- 
terials on the temperature in farm buildings under summer 
conditions. Molenaar and Perry (14) * reported some work 
in 1939. Ives (10) in 1939 and Cox (5) in 1941 included 
summer conditions as a part of a study of factors affecting 
heat flow through roof sections covered with sheet steel. 
Most of the work indicated by these references was of a 
qualitative nature. 

Coblentz and Hughes (4) reported that a coating of 
aluminum paint applied to the top of an Opaque canopy 
reduces the heat radiated from the underside by 50 per cent, 
and applied to the underside of a cotton duck tent cloth 
shuts out 85 per cent of the heat rays. 

Luchars and others (12, p. 41) did considerable work 
on the effect of the conductivity of the material on the 
amount of solar energy transmitted to the inside. 

Stewart (17, p. 131), in discussing solar heat gain 
through walls and roofs said, “In view of the large dis- 
crepancies between fundamental theory and test results, it 1s 
evident that additional experimental research is needed to 
rationalize theory and practice.” 


FACTORS AFFECTING SOLAR HEAT FLOW THROUGH ROOFS 
The solar energy absorbed and transmitted through a 
roof of any building and its effect on the temperature of the 


enclosure are dependent on the following factors: 


Independent Factors: (a) Uncontrollable: solar and sky 
radiation (hereinafter designated as solar radiation) (cloudi- 
ness, water vapor, ozone, smoke, dust, etc.) : temperature of 
outside air; velocity of air; precipitation. (4) Controllable: 
roof structure (slope, orientation, absorptivity, emissivity, 
over-all U) ; understructure (AU factor, thermal capacity) ; 
air change, stored goods. 


Dependent Factors: (a) Solar and sky energy absorbed, 
(+) temperature of roof surface, (¢) heat transferred through 
roof, and (d) temperature of air in enclosure. 

The solar energy reaching the earth's surface is depen- 
dent on the cloudiness, water vapor, smoke, dust, ozone, 
thickness of the air layer, and other foreign particles which 
may be present in the air. Without these factors the solar 
energy striking a surface normal to the sun's rays at the 
earth's surface would be 425 Btu per ft® per hr. This quan- 


This paper was prepared expressly for AGRICULTURAL ENGI- 
NEERING. The paper as originally written by Alvin C. Dale was 
given the ASAE Graduate Paper Award at the annual meeting of 
the American Society of Agricultural Engineers in June, 1950. Ap- 
proved as Journal Paper J-2106 of the lowa Agricultura! Experiment 
Station, Project 1011, in cooperation with the Aluminum Co. of 
America. 

The authors—Atvin C. DALE and HENRY GIFSE — are, respec- 
tively, (former) assistant professor and professor of agricultural 
engineering, lowa Agricultural Experiment Station. 


*Numbers in parentheses refer to the appended references. 


FELLOW ASAE 


tity is reduced considerably depending on the time and the 
amount of the above substances in the atmosphere. Accord- 
ing to Fishenden and Saunders (8) the solar energy incident 
on the earth's surfaces averages about 225, but may be as 
high as 300 Btu per ft® per hr. 

The temperature and velocity of the outside air and 
precipitation affect the rate at which solar heat is trans- 
mitted to the surrounding air after it is absorbed by the roof 
surface. 

The portion of the solar energy reaching the carth’s sur- 
face which strikes a given roof surface, depends on the slope 
and orientation of the roof. A part of this quantity may be 
reflected back into space with the remaining energy being 
absorbed by the material. After the energy is absorbed, the 
temperature to which the material riscs and the rate at which 


TABLE 1. NOMENCLATURE 
A area through which heat flows at right angles, sq ft 
A, ~area of roof, sq tt 
A,, =area of walls, floor, etc. of understructure, sq ft 
a absorptivity of the material for solar radiation, fraction 
C ~ constant 
¢=specific heat, Btu per Ib/per deg F 
© effective emissivity of the material at ordinary temperature 
given by formula 


‘ | 
= 
! I 


where 1 and 2 refer to surfaces 1 and 2, respectively 
A, ~ Surface conductance coethicient for moving air, Btu per sq ft 
per hr per deg F 
+= surface conductance coethcient for natural convection, still air, 
Btu per ft’ per hr per deg F 
+, = surface radiation coetficient, Btu per ft® per hr per deg F 
7 angle of incidence of sun's rays with surface, deg 
1 solar energy striking a surface normal to the sun's rays at the 
earth's surface, Btu per ft? per hr 
1,=solar energy incident on a surface at some angle /, 
Btu per ft* per hr, 1;=1 cos 7 


I,,~ solar energy incident on a horizontal surface at the earth's 
surface, Btu per ft’? per hr 
é=thermal conductiv:ty at ordinary temperatures, Btu per ft 
per hr per deg F per in 
K ratio between the area of the wall and the area of the roof, 
Au/Ar 
Yew —heat transferred by conductance and convection in moving air, 
Btu per ft® per bi 
q. ~ heat transferred by natura! conduction and convection, 
Btu per ft’ per hr 
R,=therme! resistance from the outside surface to the inside air, 
deg F per hr per Btu 
Rx =thermal resistance through portion of wall, x, 
deg F per hr per Btu 
T =absolute temperature, deg F 
4=thermometric temperature, deg F 


, 0, t, l, and 2. symbols indicating outside surface, inside sur- 
face, outside air, inside air, and surfaces or bodies 1 and 2, 
respectively 

U =over-all coefhcient of heat transmission, 

Btu per ft® per hr per deg F 
1 velocity of aim in miles per hour 
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heat is transmitted to the interior depend on the thermal 
capacity, emissivity, and over-all coethicient of heat trans- 
mission. 

The temperature of the interior, resulting from the solar 
energy flowing through the roof, depends on the “AU 
factor,’ the thermal capacity of the understructure, the air 
change and the thermal capacity of the stored products. 


BASIC LAWS OF HEAT TRANSMISSION 

The laws governing heat transmission by conduction, 
convection, and radiation are fundamental to the develop- 
ment of any procedure for calculating heat flow. The nomen- 
clature used in writing the laws of heat transmission in 
symbolic form and in the equations developed in this study 
is given in Table 1 

Heat Transfer by Conduction. The law of conduction 
which states that the instantaneous rate of heat transfer dz is 
proportional to the area dA through which the heat flows at 
right angles and to the temperature gradient ~dt/dx, may 
be written 


dt 
dx 


Heat Transfer by Conduction and Convection. According 
to Mc Adams (13) the heat transmitted by a surface because 
of conduction and natural convection ge in still air depends 
on a constant multiplied by the temperature difference raised 
to the 1.25 power. Hence the heat transfer by conduction 
and natural convection in still air is 


q, 2 C (t,t)? [2] 


where C is a constant depending on the direction of heat flow 
and the slope and length of the surface. Again for simpli- 
fication it is convenient to use the relation 


Qq 7 h. (t, — te) 


dq=—kdA (1 


[3] 


where h,= 


1.25 
C(t, — t = 0.25 
fit = 12) on Clt,—t) 
t,—t, 
The relation for heat transmittance when air is in motion 
is written 


Gew * Newl(t, a t,) Ge £ we x [4] 


The coethcient 4... has been determined in most cases by 
experimentation. 

Radiant Heat Exchange. The radiant energy given off 
by a surface is dependent on its emissivity and its tempera- 
ture in absolute degrees Fahrenheit raised to the fourth 
power. Hence it can be shown that the net radiant heat ex- 
change between two bodies is 


g,=0.173 x 10 e(T*—T4) [5] 


where 0.173 * 10-8 is Stefan-Boltzmann’s constant and the 


other terms are as given above. For simplification in devel- 


opment of the following formulas it is convenient to use the 


relation 


Grezh, (t) —t2) 
0.173 x10 Se(T*#— TS 


= 
mg Ny 


[6] 


where h 


169 


In this case A, is a variable depending on the difference be- 
tween the absolute temperature of each surface raised to the 
fourth power divided by the temperature difference. 


Solar Energy Transmission. Vf the intensity | of solar 
radiation striking a surface normal to the sun's rays 1s 
known, the intensity of the energy /, impinging on another 
given surface may be determined. 
multiplying the intensity of the radiation / on the surface 
normal to the sun's rays by the cosine of the angle of inct- 


dence / of the sun’s rays with the second surface as follows: 
The angle of incidence of the sun's rays is the angle between 
the sun’s rays and a normal to the surface. 


This is accomplished by 


I; =lcos | 


PROCEDURE FOR DETERMINING SOLAR HEAT 
THROUGH ROOFS WITH INSIDE TEMPERATURE 


FLOW 
KNOWN 

When any material is exposed to the radiation of the sun, 
it receives heat and increases in temperature until a condt- 
tion of thermal equilibrium is reached, where the heat lost 
is equal to the heat gained. If the temperatures can be pre- 
dicted, the estimation of the heat flow becomes a relatively 
simple problem. 

With reference to Fig. 1, an energy balance, based on the 
law of conservation of energy, the temperature to which a 
material would rise assuming known inside temperature can 
be determined as follows: 


I, a= Neol tos t,) +hyo( tos — 
+ hy; (tis ms) 
where Jia is the solar energy absorbed 
Neo ( tos— to ) + Dro ( tos— to ) 
is the energy given off to the outside 
he; (t.— 1) ) + hy (tie ti) 


is the energy given off to the interior or underside 


to the (tig ti ) 
{8} 
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Fig. 1 Heat balance of a building ial to solar radiation 
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Fig. 2) Surface conductance coethicients of roofing materials for 
various wind velocities (radiation coefficients not included ) 


t,, and /,, are unknown, but /,, may be solved for in terms 


of fix 
{9} 


tig = 


to $s 


aa oa (tos— fi ) 


Therefore, if the outside and inside temperature, the solar 
energy impinging on the roof surface, and the characteristics 
of the roof surface are known, the energy transmitted to the 
interior may be predicted by the last two terms of equation 
{8}. If the roofing material is subjected to moving air, the 
cocthcient for conduction and convection is replaced by the 
cocthcient resulting from the moving air. 


PREDICTING THE INTERIOR TEMPERATURE OF 


A BUILDING 


In the development of the above equations, known in- 
side air temperature was assumed. This may not always be 
true. If the inside air temperature is not known, equations 
{8} and [9} containing three unknowns, namely, the inside 
air temperature, the inside surface, and outside surface tem- 


peratures cannot be applied. The following equation was 
written for the first energy balance in a method for determin- 
ing the maximum temperature likely to occur in a 
building: 


Solar heat absorbed t= 


heat given off to outside 
| heat transmitted to the interior 


When thermal equilibrium exists, the heat trans- 


mitted to the interior is also equal to the heat 


transmitted through the walls to the outside plus the heat 


lost by air change. Therefore, it is possible to make a second 


energy balance as follows: 


Solar heat absorbed — heat given off to the outside 
heat transmitted through the walls to the exterior 


heat lost by air change 


A third equation is secured by writing the inside surface 
temperature in terms of the outside surface temperature, the 
thermal resistance of the roofing material and the inside air 
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Fig. 3 Surface radiation coefficients for heat transfer between various 
surfaces or between a surface and surrounding space 


temperature. The three equations written in symbolic form 
for one square foot of roof area are as follows: 


R 
tis = tos — R, tos ti). [9] 


I; G2 hig, (t..— t, ) +h (tog to ) + he (tig — 1; ) 
[10] 


I, @= Heol tos — to) thro(tos— to + UAw (ti —to) 
A- 


+h, (ti,—t;) 


+Mc(ti —to) {11} 


These equations when solved simultaneously eliminating ¢,. 
and /;, give the following equation: 


1a (1- 3+) 
Ry 
tp + 
Neo + Neo R, 
(hoo Bey) (UK + Me) ( 1+ rarer wy rel Mc+h,,+h,,) 


{12} 


This equation may be solved directly for the inside tem- 
perature /,, if the quantity of solar energy absorbed by the 
outside surface and the outside temperature are known. 
However, Ae, Aro, Aa, and R, depend directly on the outside 
surface temperature, the inside surface temperature, and the 
inside temperature. Therefore, in the first trial it is neces- 
sary to estimate these temperatures in order to select rela- 
tively close values for the conduction, convection and radia- 
tion coefhicients. These coefficients may be selected from Figs. 
2 and 3 After the first trial the approximate values of ty 
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and ¢,, are determined from equations [9] and {11}. In the 
second trial the coefficients of conduction and convection and 
radiation are selected on the basis of the temperatures deter- 
mined in the first trial. This trial gives an approximately 
correct answer. 

Special Cases with Solid Sheathing and/or Insulation. \f 
the air change is zero, the Mc term drops out of the above 
question. If the building has well-insulated sidewalls or 
small areas through which the heat flows, as contrasted to 
the roof area, but has fairly high air change, Mc replaces UK 
in equation {12}. If both the change and AU factor are 
small, then equation {12} reduces to 


b=tot+[lia/(Beotbrno)}. - . « «~~ 13) 


as R, becomes large and hence the term R,/R; approaches 
zero in equation {12}. If the building has a high AU factor 
so that heat is conducted away rapidly, the denominator of 
the fraction in equation [12} becomes increasingly large and 
the interior temperature /, approaches /,. For example, in an 
open shed with no sidewall, it becomes 


ti; ——>—ss—s—( ea SY 


The inside temperature approaches the temperature of the 
outside air when the air change is high. An example of this 
is a shade or range shelter with open sides with the wind 
blowing several miles per hour. 


Spectal Cases with Thin Roofing Materials. In case the 
roofing material is thin with no insulation or sheathing, for 
example steel over slat sheathing, R, becomes small and 
equation [ 12} reduces to 


I,a 
+t. + —_ 
heot h 
h h co ro 15 
(ho+ et (UK + Mc) (1 So ) 015] 


ri 
If the building also has zero air change in addition to 
thin roofing materials, equation [12} reduces further to 


I,a 
tet + ae [16] 
(h,, +ho)+ UK (1+ ——> 
= ro) ( ha + he, ) 


Low AU Factor of Understructure. The temperature of the 
interior again approaches the temperature of the surface of 
the material and equation {13} also applics to this condition. 

The inside temperature approaches the outside tempera- 
ture if the understructure has a high AU factor and/or a 
high air change and equation {14} is applicable. 


ILLUSTRATIONS OF USE OF EQUATIONS 


Table 2 gives the solar energy absorptivity coetticients 
and emissivity cocthcients of the various roofing materials 


Fig. 5 Air duct for measuring solar-energy absorption and trans- 
mission to underside of roof sections 


A. (ALUMINUM 
PAINTED) 


B. (write 
PAINTED) 


Fig. 4 Details of roof sections tested 


and paints used in the experimental portion of this study. 
Table 3 gives the surface convection constants as were found 
by Coblentz and Hughes (4). Surface conductance co 
efhcients for the materials with the wind blowing may be 
taken from Fig. 2. This graph is based on values taken from 
the ASHVE Guide (1) with the radiation portion sub- 
tracted. The radiation coefficients given in Fig. 3 for a black 
body multiplied by the effective emissivity which is the 
actual emissivity of the surface for this case. 

By applying equations [8] and [10] the temperatures of 
roofing materials and the heat transmitted to the interior 


TABLE 2. Solar Energy Absorptivity Coefficients and Emissivity 
Coethcients at Ordinary Temperatures of Roofing Materials 


and Paints Used in This Study 
Emissivity 


Material and surface Absorptivity ordinary 
condition solar energy temperature 

Aluminum (oxidized ) 0.26 0.11 
Galvanized steel (new ) 0.66 0.276 
Galvanized steel (dirty ) 0.89 0.42 
Asphalt roofing 0.89 0.88 
Asbestos-cement (light green) 0.66 0.90 
Wood shingies (weathered ) not given 0.90 
White lead paint 0.26 0.89 
Aluminum paint 0.40 9.35 
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Temperature of surfaces of roofing materials on south side 
of test house for August 12, 1949 


were determined for a typical problem as follows: Five build- 
ings are covered with thin layers of aluminum, asbestos- 
cement shingles, asphalt shingles, galvanized stecl and wood 
shingles, respectively. What is the temperature of the ma- 
terials and the quantity of heat transmitted to the interior, 
under the following conditions: (a) The solar heat imping- 
ing on a surface normal to the sun's rays ts 300 Btu per ft 
per hr; (4) the angle of incidence is 19.3 deg; (¢) the air is 
still; (d) the inside temperature is equal to the outside 
temperature which is 90 F. Since the materials are thin it ts 
assumed that f;, is equal to /,,. 


Calculations were made for a building without sheathing 
and with sheathing. The results are given in Table 4 

The results of the calculations for thin materials on a 
45-deg slope without sheathing indicate that aluminum ts 
the most efficient material in preventing the absorption and 
transmission of solar energy to the interior of the building. 
For this same condition steel was second best but inspection 
reveals little difference between it and asbestos-cement and 
wood shingles. The reason for this result is due to the low 


TABLE 3. Surface Convection Coefficients 


Surface and direction of flow 


Horizontal, heat upward 
i5-deg slope, heat upward 
Vertical 

45-deg slope, heat downward 
Horizontal, heat downward 


‘4 


W 


‘a 
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B4ehie 


rime or 


Fig.9 Temperature of surfaces of roofing materials on north side of 
test house on August 12, 1949 
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emissivity of the stecl as compared to the other materials. 
However, when solid one-inch sheathing was used under 
the same materials, the steel was the least effective of the 
five in preventing the absorption of solar energy and its 
transmission to the interior. Aluminum was still the most 
effective. Also, the addition of one-inch sheathing was of 
less value to it than to any of the other materials. This was 
true because, when the sheathing was added, the heat trans- 
fer from the aluminum to the interior was by conduction, 
convection and radiation from the sheathing to the interior. 
Hence the effect of the low emissivity of the aluminum was 
negligible as it was supplanted by a material with high 
emissivity. 


EXPERIMENTAL WORK 


The experimental work made to determine the correct- 
ness and adaptability of the method and equations developed 
in the theoretical analysis to actual conditions, consisted of 


TABLE 4. Temperature of Roofing Materials and Heat Trans- 
mitted to the Interior on a 45-deg Slope in Still Air 


Heat Heat 
transmitted transmitted 
to to 
underside, underside, 
Btu per ft? Btu per ft? 


Material perhr perhr 


Temp., deg F Temp., deg F 


Aluminum 126.8 133.0 


28.5 


20.2 

Asbestos-cement 
shingles 

Asphalt shingles 


134.0 81.0 
147.2 108.2 
157.0 TRS 


151.6 
171.4 
473.5 


30.6 
38.6 
Galvanized steel, new 44.0 
Wood shingles 
(1-year exposure) — 139.0 91.7 


159.9 32.9 
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Fig. 10 eeneceiel under roofing materials on north side of test 
house on August 12, 1949 


02 ae Sees A, a ze ee ue ‘=a Pay 
oe . \ ot ES ere 
a a ° Paes cere ms 7 - We Re fee as ite ht Pe deem eee 
Bs oo, Ps eee ee en ee ie rc eee ce ae ne a oe aes ‘ ca : of oe il SS ee ep 2h Bek See “5 
” eae ° ed oa ° _ 
Paw 7 7 
ee 4 J 
juan 
oe 72 a 
ie hae 
se BA 
ey cL 16 an = 
Se SS inl ; - | 
ep ras tar 190 = 
Rae sort od 8 ASPHALT SH. —{/, 130 
Sang aie y | | 
aoe 4 ie” imac we eae, ' 

Ae ee a) ue WOOD SH ot 20 

eo mee 23 (NON-INSUL ATED) , | 

op oe ; am a 7 a 7m 110 

eae yy oe ni d ee | 

gene ie v, =o x, an 7 an 100} ; 

serena . ; 

FA Tee ett + | - 90 

Be a ars eA hy fi | | LA | 

a het aie 4 

Pie eva | - | 80 a ay SA 

ty AR, OUTSIDE AiR ——— PS Tt dT dt | | | | | 
Seen ‘ ae 70 = ; 
ae NOTE 

pyro | | | ~ 

Ae eer eo | + oo ~ 6 

as A TTT TT Ps «LLL TTT 

eae 70 ——— 50 

ies: 60 ; | : 

4% : : S ‘4 

rae ee adi | 

ay ae ‘ am Pm 

pet Ruon 

Sg er cot) tee 

re Sather aan, 

st gt se 

ep Ny 

wiD i 

oe aoe 

Sie 8 r P 

i 

a 

a 

ita nS 

Shes aan oat 

eens 
he fons via 
5, Wat Ra 
CUE ees » ; 
ee 
gare Sy 
fos fe RS 
Mis aese 
tna oe 
Eee 
aa (elit 
Fe 
Ag 
ee as 
Se ek 
eer” | 
SH ietae 
oy ee 
ee 
5 © + Ce aaa 
eR Et 
Pip Soe 
: TN Be MG 
See a 
Re ae, ee 
et: Sy 
a ee c 

ee 0.55 
Redd eci ceess 0.40 

apie 0.33 
eibere sie: 0.26 
cea 0.17 
pape 
Ba Sans a 140 
eae a nadine wae —— enn 
vs Ege : ° | (30 ges 
ie ae ¥ ASBESTOS SH | 
fey 4 120 
cn a ZA NX WOOD SH. 3 | 
oe | aN 10 
be Secs ts B o ” ~ 
BAe a iJ | | Od . | 
Pe venh S AN aa 100 Teak fete j . 
AB Se wOOD SH. = : 

& eso 
ae eany \EEEDE?sceecre, 
a PTS Cer PCN | 
Mega | ~~ ‘i 7 ae i" 
ee = Ses Meer rrr 
sce 7 sc .—— 
aM, eS RARER ESA Re GARE ERR SSN EEEES 
Sear eM 7.) 
Crs oo PRL ETE Lite Ea FL ET ELL Ltt ty San 
Be Sate a so so 
eee ee ee na i a a a ea ar Sa a a ee 
bal dc? Sein ry) pav Pe 
eS Oe Moe 
ee ee 
lepine 2s 
Se Peeeaae 
a ES ace a 
of, Ae 
8 eee ; 

roa nee 
ype ee 5 
Ee ; 
eT Ope e re 
MAT , iti age iia am ise : en a ; ee Pe a 

(Aeteeec AOS eres ee eae tee eS re ee a eee ace Te ee eae wee es Fy 2 c= Gis (MM n= Sr £ O RR i SO aie 
“Ag SS Si RON an et. ken a al LS hol TR eck ph Oe eM «ao te 5 Dereon ea! 7 ee Sis 25G | ae a 1 SG RR LS Rs ee a 
i ae ss. hd take ame ee ae PEs ; ec aes a ba oe Ga Pee a ae a Bs ic5 
Peer Fees ef ea el A oie ‘ ie Ree f Se Gates ne a Sas " 
ook SAS ers ey ey rupee fe eat) 4c, Fin feet Fe ne 
Bre eg lS ee eae Eee a - "ee if es ere oS, ‘ 
oe SS ee ae ire Oy ea ie ‘ 
Domi g er ee ae RS ey = Pee oe aaa 7 
sat Ste ae Toe ee Be get SM MeXcie 0, 5 Te ee fay Mh bla. Ms % 


AGRICULTURAL ENGINEERING for March 1953 


8 8 
ABANNS 
ES 
Py 


2 


\ 174] 


TEMPERATURE (DEGREES F) 


Fig. 11 Average temperature of surfaces of roofing materials on 
south side of test house for August 12, 15, 16, 17, 20, 21, 22, 
23, 24, and 25, 1949 


three phases: (a) the measurement of solar energy absorp- 
tion and transmission of roof sections by an air duct, (/) the 
measurement of temperatures of roofing materials and tem 
peratures under roofs over well-insulated compartments, and 
(c) a study of temperatures in buildings covered with vari- 
ous types of roofing materials and roof sections. 


The five different roofing materials with standard root 
sections and four variations in construction and treatment of 
roofing materials and roof sections tested were aluminum, 
light green asbestos-ccment shingles, asphalt shingles, gal 
vanized steel, and wood shingles. The variations included 
white and aluminum paint on galvanized stecl, solid wood 
sheathing under aluminum and aluminum foil insulation in 
the roof section with wood shingles. Details of the various 
types of roof sections tested in this study are given in Fig. 4. 


SOLAR ENEKGY ABSORBED AND TRANSMITTED TO THE 
INTERIOR AS MEASURED BY AN AIR DUCT 


The three roofing materials and roof sections tested in 
the air duct (Fig. 5) were (E) galvanized steel, (F) alum- 
inum and (H) asphalt shingles. By measuring the tempera 
ture of the entering and leaving air, it was possible to deter- 
mine the solar energy absorbed and transmitted to the under- 
side by cach material. The results were as follows: 


Heat transmitted 
in Btu ft® per hr 


Type of section Material to interior 
E Steel 10.2 
F Aluminum 226 
H Asphalt 51.1 
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Fig. 13 Average temperature of surfaces of roofing materials on 


north side of test house for August 12, 15, 16, 17, 20, 21, 22, 
23, 24, and 25, 1949 
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Fig. 12 Average temperature under roofing materials on south side 
of test house for August 12, 15, 16, 17, 20, 21, 22, 23, 24, 25, 1949 


FEST HOUSE USED TO MEASURE TEMPERATURES 
UNDER ROOF SECTIONS 


An experimental test house consisted of twenty insulated 
compartments (Fig. 6), ten facing south and ten facing 
north, separated by insulated partitions 
ments were constructed at both ends 


Dummy compart 
The roof slope was 
15 deg with the horizontal. Roof sections were installed as 
specified in Fig. 4. 

Thermocouples were installed in the middle of each 
compartment two inches below the roof section and against 
the inside and outside surfaces. All cracks were caulked to 
prevent the entrance of air. 

From August 12 to September 3, 1949, continuous re 
cordings were taken of the temperatures under the nine root 
sections on beth the north and south sides and also the out 
side temperature and humidity. Hourly recordings were 
made of the temperatures two inches below and against the 
inside and outside surfaces during the period of the day 
when the temperature was the greatest. The solar energy 
impinging on a horizontal surface was recorded by a pyrheli- 
ometer. Weather and wind 
throughout the test periods 


velocity were determined 


Temperatures Under Roof Sections. The temperatures in 
this test were the approximate maximum temperatures of the 
roofing materials and the air below, which would be likely 
to occur in a building where the air change was zero under 
similar conditions. 

Figs. 7 and 8 show the daily variations of temperatures of 
roofing materials and the compartments beneath for the 
roof sections on the south side of the test house during 
August 12, 1949. Galvanized steel was the hottest material 
and resulted in the highest temperature beneath. Aluminum 
over solid sheathing resulted in the lowest temperature of all 
standard roof sections tested. Asphalt shingles over solid 
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Fig. 14 Average temperature under roofing materials on north side 
of test house for August 12, 15, 16, 17, 20,.21..22, 23,. 24, 25. 1949 
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sheathing were almost as hot as stcel with the temperature 
beneath being only 2 deg lower. The solar energy impinging 
on the south roof surfaces during the above day was 1956 
Btu per ft*, reaching a maximum intensity of 277.6 Btu per 
hr per ft® between 12:30 and 1:30 p.m. 

Figs. 9 and 10 show the daily variation of temperatures 
of roofing materials and the compartments on the north side 
of the test house. The heat impinging on its surface during 
the day was 802 Btu per ft®, reaching a maximum intensity 
of 89.4 Btu per ft® per hr between 12:30 and 1:30 p.m. A 
south southeast wind of about 5 mph prevailed through the 
day. 

Figs. 11 and 12 show the average temperatures of the 
surfaces of the roofing materials and the temperatures in the 
compartments under the various materials on the south side 
of the test house for a ten-day period. The average quantity 
of solar heat striking the surface each day during this period 
was 1810 Btu per ft’. The greatest average intensity occurred 
from 12:30 to 1:30 p.m. and was equal to 253.0 Btu per ft® 
per hr. The average wind velocity for this period was about 
6.5 mph. 
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Fiz. 15 Average a eee under aluminum with a slat and solid 
deck on south side of test house for August 12, 15, 16, 17, 20, 21, 
22, 23, 24, and 25, 1949 
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Fig. 17 Average temperature under galvanized, white and aluminum 
& & 
painted steel on south side of test house for August 12, 15, 16, 17, 
20, 21, 22, 23, 24, and 25, 1949 
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Fig. 19 Average temperature under insulated and non-insulated 
wood shingles on south side of test house for August 12, 15, 
16, 17, 20, 21, 22, 23, 24, and 25, 1949 
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The average maximum temperature of the steel was 
139.4 F, the asphalt shingles 136.3 F, the wood shingles 
129.9 F, the asbestos-cement shingles 123.1 F, the aluminum 
with spaced sheathing 111.2 F, and the aluminum with solid 
sheathing 112.2 F. The average maximum temperatures of 
the compartments were for the stecl 121.9 F, for the asphalt 
shingles 117.3 F, for the wood shingles 109.3 F, for the 
asbestos-cement shingles 108.9 F, for the aluminum with 
spaced sheathing 108.8 F, and for the aluminum with solid 
sheathing 104.7 F. 

The average temperatures of the surfaces of the roofing 
materials and the compartments under the various materials 
on the north side of the test house are shown in Figs. 13 and 
14. The quantity of solar energy falling on the north side of 
the test house was approximately 642 Btu per day, or a little 
over one-third as much as was incident upon the south side. 

The differences in the temperatures of the roofing mate- 
rials or in the temperatures under the materials were not 
large. The wood-shingle and asbestos-cement-shingle roofs 
were cooler than the aluminum over slat sheathing. How- 
ever, the aluminum over solid sheathing had a maximum 
temperature about the same as the wood-shingle compart- 
ment and a little lower than the asbestos-cement-shingle 
compartment. 

Effect of Sheathing. Two types of roof sheathing were 
used under aluminum. Figs. 15 and 16 show the average 
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Fig. 16 Average temperature under aluminum with a slat and solid 
deck on north side of test house for August 12, 15, 16, 17, 20, 2 
22, 23, 24, and 25, 1949 
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Fig. 18 Average temperature under galvanized white and aluminum 
painted steel on ncrth side of test house for August 12, 15, 16, 1 
20, 21, 22, 23, 24, and 25, 1949 
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Fig. 20 Pen temperature under insulated and non-insulated 

wood shingles on north side of test house for August 12, 15, 
16, 17, 20, 21, 22, 23, 24, and 25, 1949 
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Fig. 21 


Farrowing house with roof sections covered with aluminum 
and asphalt shingles 


daily temperatures for a ten-day period under an aluminum 
roof with solid and slat sheathing on the south and north 
sides of the test house, respectively. The slight advantage for 
the solid sheathing was also indicated by theoretical analysis. 

Effect of Painting Galvanized Steel. The review of litera- 
ture cited examples where white paint was found to be an 
effective barrier for reducing solar heat absorption and trans- 
mission to the interior. Figs. 17 and 18 show the effect of 
both white and aluminum paint on temperatures under 
galvanized stecl roofs. The surface temperatures of the 
white-painted steel were the lowest of all roof sections 
tested. The temperatures under the white-painted steel were 
lower than any of the others, except the insulated wood- 
shingle roof. 


Effect of Insulation on Wood Shingles. The compartment 
under the insulated wood-shingle roof section was the 
coolest of all. Figs. 19 and 20 show the average daily varia- 
tion of the temperatures under insulated and non-insulated 
wood shingles. 


FIELD STUDY OF TEMPERATURES IN BUILDINGS 
COVERED WITH VARIOUS ROOFING MATERIALS 


A study of temperatures in actual buildings covered with 
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Fig. 22. Temperature three feet above ground in an aluminum- 
covered and asphalt-covered farrowing house on July 25, 1949 
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Fig. 24 ai temperature three feet above Pace in an alum- 
inum-covered and asphalt-covered farrowing house for July 19, 22, 
24, and 25, 1949 
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various roof materials served as a check on the test house and 
the theoretical analysis. 


Farrowing Houses. Temperatures were recorded in an 
aluminum-covered and asphalt-shingle-covered farrowing 
house (Fig. 21) with roof sections similar to sections F and 
H on the test house. 

Thermographs were located 3 ft above the ground and 
16 in below the inside roof surfaces. All windows and doors 
were kept closed. Figs. 22 and 23 show the daily variation 
of temperatures on July 25, 1949. Figs. 24 and 25 show the 
average daily variation for five days. 


Haymow. High mow temperatures may result in possible 
loss of carotene in hay. Temperatures were observed in a 
haymow of a barn located on the lowa State College dairy 
farm under a wood-shingle roof similar to section C. The 
temperature in the haymow was gencrally 11 to 14 F above 
the outside temperature during the middle of the day, where 
as the difference was only 6 to 8 F in the mornings and after 
noons. Fig. 26 shows the average temperature in the hay- 
mow, the outside temperature, and the temperatures under 
wood shingles on both the south and north sides of the test 
house for a period of three days. 


Shade and Range Shelters. Shade shelters for hogs were 
covered with the five standard roof sections. Range shelters 
were covered with four of the same sections. 
cement shingle roof was omitted. Figs. 27 and 28 show 
aluminum-roofed shade and range shelters used in this study. 


The asbestos- 


Temperatures under the above shelters recorded over a 
period of four weeks indicate little if any difference if the 
wind is blowing as much as 2 or 3 mph. This docs not nec- 
essarily mean that the animals are equally comfortable under 
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Fig. 23 Temperature sixteen inches below roof in an aluminum- 

covered and asphalt-covered farrowing house on July 25, 1949 
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Fig. 25 Average temperature sixteen inches below roof in an alum- 
inum-covered and asphalt-covered farrowing house for July 19, 22, 


24, and 25, 1949 


ae 


a 


oe 


; eae 2 I Tr 
& ee a Pi ys ee eer Ce eS ree ao Lo es Ss, .  Saea : eee Fave aera Sell & 
os _ i an * eae: es NE AM OG Ce RCN Orr eRe Ia Vee Ge eee to Seer ney : 
ty. * ee ae ; er ee et Cems ee ia Seeamee re eS ] al ail 
pis Bera RR A A Sear ast ; re ‘ P 
vol . . ’ ' * 
E 
ee - 
4 -_-= ee 
y <e ae all 
if 4 &, 7, 
ws Lie “ye 
o % ‘ — ™ oor i 
2. ak, 7 
pee : a — Bal 2 : 
ia - am pei Ce 
is 5 — a F 
: eS ‘ 4 >» ae tie 2 
5 ee =e} Poet ne 
&. tec —— ‘sah, Oe ETSI! 
om : . th ome art — here Sea 
€ > » —sr “%- ? ee ees ain - 
eC a | » a es 
3 a0; eee os CRS 
f - rs rN 
== ALUMINUM COVERED FARROWING HOUSE \ 
WITH SLAT ROOF DECK  —_,_-o-— r 4 
100 f 
LER SSE 
90 a, GE: MB MER Se ~$ 
y - . ees 
—=3 77 | a 
| HHH 
| ow ttt TTT TT tty ty ey 
| keletct tt tL Ltt i i 1) | 
oY es 
| | : 
I 
t | / : : 
20 samuuumnmmmnmmnn 
Pe ee 
eee ii: — Tes. ee ee en a reg i 4 j ae if ae ¥ bie} 
alee iit. 2 a) Sees Oe er eee Sete 2 Aor aecie 
Ps at Saeeaies Bs ie a ; 5 es Wee <r Pete Lie Bese at eee Sisk a RUA ee 5 los | 
tees Sone Bee: ae 7 error ee 2 ae ARR eee a; ; 
PLSD, (ke Brie:  * a - . itn Se Pee rere I F < See Chi Cy i ie eee oy en Nee pase) Hoe 
f an | Soi ie Sie Pee ee Bee i ees rae re 


176 


If an animal ts under a material which 
has a low emissivity, it receives less radiant heat than if it ts 
under a material with high emissivity. 


all types of rooting 


CORKELATION OF THE THEORETICAL 


EXPERIMENTAI 


ANALYSIS AND 
STUDY 


When all the characteristics of the materials were con 
sidered, the agreement of theory with experimental results 
Was good, 

In the experimental work the order of the materials, in 
regard to the ascending order of the surface temperatures, 
was found to be the same as the order found in the theo- 
retical analysis, as follows: aluminum, asbestos-cement shin- 
ules, wood shingles, asphalt shingles, and galvanized stecl. 
If the emissivities of the various materials had been neg- 
lected or considered to be identical, the theoretical order 
Galvanized steel absorbs less 
solar heat than wood or asphalt but has a higher temperaturc 
due to low emissivity. 


would have been changed. 


The theoretical analysis was checked with the expert- 
mental results by comparing the actual solar energy absorbed 
by the roof sections during the day with the theoretical 
quantity given otf by the roofing materials. The quantity of 
energy absorbed was determined by multiplying the solar 
energy striking the surface, as measured by the pyrheli 
ometer, by the absorptivity coctlicient. To determine the 
theoretical quantity of heat given off by a given roof section 
during the day, the period was divided into hourly time 
increments. The average temperatures of the outside air, the 
outside surface, the inside surface, and the compartment were 
determined from the experimental results for cach hour. 
values, along with the proper cocthcent, were then 
substituted into the right side of equation {8}, which is the 
theoretical heat given off by a material. Then by summing 
up the theoretical quantity of heat given off by the material 
for cach hour of the day, the theoretical quantity for the 


These 


TABLE Actual Solar Heat Absorbed by Materials as Compared 


to Theoretical Heat Given Off by Each 


day 
day 


adj) jooy 


Average tota 
solar heat 
Absorptivity 
Solar heat 
absorbed 
Btu ft? 
Difference 
in per cent 
of total 


Btu ft? 


1809.9 0.40 
1809.9 0.26 
1809.9 0.70 
1809.9 0.70 1266.9 1240.9 
1809.9 0.66 1194.5 1200.0 
1809.9 0.26 170.6 186.7 
1809.9 0.26 470.6 507.9 
1809.9 O.89 1610.8 1609.9 
1809.9 0.66 1194.5 . t 


1266.9 


0.06 
2.50 
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Fig. 26 Average temperature under wood shingles on north and 
south side of test house and a hay mow covered with wood shingles 
on August 26 and September 1 and 2, 1949 


This was done for all the mate- 
The complete tabulation with per 
cent of error is given in Table 5. 


entire day was determined. 
rials used in this study. 


In general, the above indicates close agreement of the 
experimental work with the theoretical analysis. The great- 
est discrepancy between the experimental study and the 
theoretical development was 7.92 per cent for the aluminum 
roofing over one-inch solid sheathing. The closest agree- 
ment of the two was 0.06 per cent for the asphalt shingles 
over the solid deck. However, the greatest difference is 
within experimental accuracy for this type of work. If the 
absorptivity of the aluminum had been 0.01 higher, the 
above error would have been only 3.93 per cent, and if it 
had been 0.02 higher the error would have been only 0.2 
per cent. 

Another check was made by using equation {12} to 
estimate the temperature in the compartments at a given time 
and then to compare it with the experimental value. The 
period from 2:30 to 3:30 p.m. was chosen to minimize the 
effect of the thermal capacity of the insulation since, for this 
hour and the hour before, the inside and outside tempera- 
tures remained almost constant. Again the check showed 
good agreement between the experimental work and the 
theoretical analysis. The results are given in Table 6 along 


TABLE 6. Comparison Between Observed Temperatures in 
Compartments and Those Predicted by Use of Equation [12] 


Outside Air Temperature, 88 F 
Difference 
between 
observed and 
theoretical 


114.9 9.9 
103.0 3.9 
116.7 7.3 
104.6 4.8 
132.9 
107.7 


Variation 
from outside 
temp., F 


A 105.0 a7: 
BK 99.1 i. 
C 109.2 21; 
D 99.8 ‘i. 
EF 119.3 41. 
107.6 19. 
G 104.7 16 106.3 
$27.5 124.9 
108.6 20. 413.3 


Roof 
type 


Observed 
temp., F 


Calculated 
temp., F 
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with the actual values recorded in the experimental work 
during the same period. 

This check did not show as good agreement with the 
theoretical as did the one on the heat given off by the 
material. However, this result was as expected since the 
insulation of the compartments, the possible lack of air 
tightness, etc., entered into the calculations. There was evi- 
dence that more heat was lost than calculations indicated. 
This would tend to lower the actual temperature in the build- 
ing or compartment as it did in this test. Furthermore, if the 
temperature two inches below the roof surface had been 
used the agreement would have been closer. 


The same order of ascending temperatures was found 
experimentally as was determined in the theoretical study. 


CONCLUSIONS 

1 The main characteristics of a roofing material affect- 
ing solar heat transmission to the interior are its absorptivity 
for solar energy emissivity and conductivity. 

2 High outside emissivity and low inside emissivity tend 
to lower inside temperatures by reducing the quantity of 
heat transmitted. 

3 Wind increases the rate of heat loss from the outside 
surface of the rcofing material, thereby lowering the surface 
temperature and the quantity of heat transmitted to the 
interior. 

4 The average maximum temperature in buildings cov- 
ered with the various roofing materials used in this study, 
ranged from 99.8 F for insulated wood shingles to 121.9 F 
for galvanized corrugated steel. 

5 Corrugated aluminum sheet roofing is the most effec- 
tive of the five roofing materials tested in this study in re- 
ducing the absorption and transmission of solar energy to 
the interior of a building. 


6 The addition of a solid sheathing is more beneficial to 
materials with high emissivities on the interior than to 
materials with low emissivities on that side. Its value with 
aluminum was neglible. 

7 The quantity of solar heat absorbed and transmitted 
to the interior of a building at a given temperature may be 
calculated by equation {8}. 

8 The interior temperature of a building may be cal- 
culated by equation {12}, if the characteristics of the roofing 
materials, the solar heat impinging on the roof, the outsidg 
temperature, the AU factor of the understructure, and the 
quantity of air change are known. 

9 The most effective method of reducing the absorption 
and transmission of solar heat to the interior is to paint the 
outside surface of the rooting material with white paint and 
the interior surface with aluminum paint. This treatment 
would be of little value to aluminum roofing. 
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Air Precleaner Development 

LEANERS designed to remove fine abrasive dust from 

internal-combustion engine intake air quickly become 
clogged under farm service conditions which give the air 
a high content of chaffy material. This material also tends 
to clog screens piaced in the path of the air to the cleaner. 
Air pressure differential and air movement at the screen 
tends to hold the chaff against the outside of the screen. 

N. R. Krause (Member ASAE) has reported the devel- 
opment of an improvement in precleaning screen devices 
to eliminate this cause of screen clogging. In effect, his 
improvement provides for automatic alternation of air in- 
take through two cleaning screens. Chaff collecting on 
either screen while air is being drawn through it falls 
away by gravity when the pressure differential and air 
intake is shifted to the other screen. 

Actually the two screens are halves of a single perfo- 
rated metal cylinder mounted vertically over a vertical 
divider. The two separate chambers inside the screen 
cylinder connect with the intake pipe through a two-way 
valve. 

Valve actuation is by a combination spring and pneu- 
matic piston arrangement. A tube connects the pneumatic 
chamber with the intake manifold. Intake manifold 
vacuum 1s reported to vary sufficiently in degree and fre 
quency under normal governor control to insure required 
alternation of the valve position. All moving parts arc 
inside the screen and top cap, except for a vertical rod 
visual indicator of valve action. 
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INSTRUMENT NEWS 
KakL Norris, Editor 
Sponsored by the ASAE Committee on Instrumentation and Controls 
Contributions on agricultural applications of instruments and controls and 


related problems are invited, and should be submitted direct to K. H 
Norris, Agricultural Research Center, Beltsville, Md 


A Micromanometer 
By Claude K. Shedd 


Lire FELLOW ASAE 
MICROMANOMETER as described here was built and 
is in usc on the USDA grain storage research project in 
cooperation with the Iowa Agricultural Experiment Station 
at Ames, Iowa. 

The fluid in this manometer is contained in two glass 
tubes (A and B, Fig. 1) connected at the bottom by a rubber 
tube. Glass tube A is attached rigidly to the manometer 
frame, while tube B is attached to a carriage which can be 
moved vertically by means of a micrometer. When air pres- 
sure 1s applied to the top of tube B, the liquid will be forced 
downward in tube B and upward in tube A. Then tube B 
may be moved downward by the micrometer until the liquid 
subsides to the original no-pressure level in tube A. The 
distance tube B was moved downward will measure the 


pressure, 


Glass tubes A and B are 45 mm in diameter. Rubber 


This paper was prepared expressly for AGRICULTURAL ENGI- 
NEERING. Journal paper No, J-2169, lowa Agricultural Experiment 
Station, Proyect No. 587. 


The author—-CLaupF K. SHFDD—1is senior agricultural engineer 


(BPISAE), U.S. Department of Agriculture, stationed at lowa State 


College. 
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Fig. 1 (Left) Schematic drawing giving some details of the micromanometer © Fig. 2 (Right) 
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stoppers are used at the top and the bottom of these tubes. A 
wire standing vertically is attached to the bottom rubber 
stopper in tube A. The point at the top of this wire serves to 
mark a certain level of the fluid (distilled water) in tube A. 

The accuracy of readings of this manometer depends 
upon the accuracy of observing the water level in tube A. 
Our experience in making this observation has been as 


follows: 


A sharp point on the wire in tube A has been found 
preferable to a blunt point. Some other workers have recom- 
mended a blunt point for this type of instrument, but we 
have tried both and found the sharp point (about 20 deg) 
better for our method of reading. As the fluid level is 
lowered in tube A, a bulge upward is formed in the water 
surface at the point of the wire. To observe this bulge in the 
water surface accurately, it was found best to provide back 
lighting of the water surface in tube A and to place the eye 
at such a level that the water surface would be a mirror as 
shown in the vertical section on L-L in Fig. 1. A light ts 
provided back of the instrument frame. This light shines 
on the water surface through a window in the frame which 
is covered with ground glass to soften the light. The next 
step (suggested by W. V. Hukill) was to attach a strip of 
black clectrician’s Scotch tape, about 3/16 in wide, on the 
ground glass on the vertical center line of the window as 
shown in the front elevation of tube A, Fig. 1. With the 
eye held in position to place the reflection of this black strip 
over the point of the wire, it was observed that, when the 
water level was lowered to a certain position, the bulge in 
the water surface would cause a break in the reflection of 
the black strip as shown at C, 
Fig. 1. By adjusting the water 
level until the bulge was just 
enough to cause a definite 
break in the reflection of the 
black strip, it was found that 


readings could be repeated to 
0.001 in. 


EE 
1g pace, apt ge an at Ri a la RP ia, 


Ty eee 


For satisfactory use this in- 
strument should be placed on 
a rigid support having a min- 
imum vibration. It will read 
steady pressures accurately but 
is not adapted to reading the 
range or the average of fluc- 
tuating pressures. 

It has the advantage of be- 
ing a primary meter that re- 
quires no calibration and that 
can be used to calibrate other 
types of manometers. With 
45-mm tubes and reading wa- 
ter level at the center of the 
tube, errors due to meniscus 


will be negligible. 
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A Prefabricated Duct System for Forage Driers 
By Irvin R. Fisher 


Assoc. MEMBER ASAE 


F ALL the engineering achievements developed in 
the last twenty years for the improvement of agri- 
culture, few have given greater promise than crop 

drying. In the case of forage, this development points to the 
possibility of achieving greater per acre yields in addition to 
making the farmer more independent of adverse weather 
conditions in the production of a high-quality product. 

Systems designed for mow drying of hay were reported 
successfully operating in the Tennessee Valley area as early 
as 1930. Acceptance of this practice has been slow in the 
East and Midwest despite reports indicating efficient per- 
formance of and sound cconomic justification for many in- 
stallations. It appears that as long as a relatively small num 
ber of systems fail to operate successfully, hay drying will 
not gain proper acceptance. 

Ficld observation by the author points to the following 
four factors as primary reasons for the failure of some in- 
stallations: (1) lack of management education, (2) need of 
guidance from experienced personnel, (3) proper engineer- 
ing recommendations, and (4) improper duct systems. 

As with any new piece of equipment, the operator must 
be taught how to use it. It must be impressed upon him 
that hay, when placed on a drier, should not exceed an int- 
tial moisture content of 40 per cent. Chopped hay must be 
cut not less than 2 in nominal length, 6 in being preferable. 
A means of uniformly distributing chopped hay in the mow 
must be provided. Some commercial blowers now have ad- 
justable hoods on the end of the blower pipe which will do 


this satisfactorily. Baled hay should consist of bales not 
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exceeding 65 lb when placed on the drier and be arranged 
in the same manner a brick wall is constructed ; that is, the 
bales should be tightly packed against cach other and all 
joints staggered to climinate open channels between the bales 
making for casy air escape. Operators must be taught that 
they can determine accurately when the curing process ts 
finished. A very simple method of doing this has been 
developed. If the fan ts stopped for four to six hours and 
then restarted, a quick check for warm air over all parts of 
the mow will indicate whether the hay is safe for storage 
without fan operation. Failure to sell this one point to many 
operators has resulted in much improperly cured hay. Be 
cause general characteristics of air movement are entirely 
new to the farmer, even as simple a matter as uniform 
depths of hay over the duct system must be impressed upon 
him. Each failure of a drier from any one of these causes 
emphasizes the need for some means of minimizing the 
effects of poor management. 


In most cases where driers have been successful, some- 
one closely associated with them has spent considerable 
time working with the farmer to guide him on proper instal 
lation and management procedures. To a large extent, this 
job has been carried by power company representatives, col 
lege extension personnel and representatives of manufac- 
turers and distributors. If drying is to gain wide acceptance, 
however, there are not enough of these people to carry the 
responsibility in the manner in which it has been handled in 
the past. This points to the need for a drier which an aver 
age farmer can use successfully without close supervision 
by experts. 

While there are a few areas in which a 7! hp motor can 
be used on farm lines, it is more realistic to assume on a 
national scale that a S-hp motor is 
the maximum available for crop dry 
ing. In practical application, a 42- 
in fan is about the largest that can 
be used successfully with a 5-hp mo 
tor. This gives an approximate air 
output of 25,000cfm. Research now 
shows that the minimum = recom 
mended air flow is 500 cfm per ton 
of hay. Thus most installations are 
limited to a maximum capacity of 
approximately 50 tons of forage, a 
figure far below the storage capacity 
of many barns. As a result of this 
powcr limitation, many installations 
have been sold where the drier was 
extremely overloaded and could not 
possibly do a good job, Again, this 
points to the need of the manufac- 
turer establishing definite limita 
tions under which his equipment ts 
to operate. 


A prefabricated air-duct system installed 
in a haymow and consisting of a high 
center duct with lower branching laterals 
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Designing a Duct System. To consider a fan in itself as 
a complete drying system is a fallacy that must be recognized 
quickly if crop drying is to advance. The real key to the 
success of a drier is the type of duct system employed. The 
farmer today does not buy a tractor with the expectation 
that he will have to build the wheels himself before he can 
use it. In the case of the crop drier, however, the farmer in 
the past has been expected to buy part of the system and 
provide the remainder on his own initiative. 


Numerous field studies conducted independently of each 
other point to three factors that must be considered in de- 
signing a duct, as follows: 


1 The physical shape and layout of the duct system 
must fit the physical shape and layout of the mow. 


2 The duct must provide a large surface contact open- 


ing between the duct and the hay. As a result of field 
studies, an empirical law has been developed which assures 


low static pressures and consequently higher air volumes 
from the same equipment. Stated simply, 1 sq ft of open 
surface arca must be provided on the duct through which 
the air can enter the hay for every 50 cfm of fan capacity at 
0.5 in static pressure. 


3 Duct velocities must be kept below 1,000 fpm to re- 
duce duct friction losses and decrease the large differences 
that have existed in the past between total fan efficiency and 
static fan efficiency. 


With one exception every manufacturer now offering 
hay-drying equipment can only make recommendations on 
the size and type of duct system the farmer should install 
with his drier, Experience in gencral has shown, however, 
that duct systems must be large to obtain maximum air vol- 
ume from the fan. In giving to the farmer recommenda- 
tions on duct sizes, it was found that he invariably failed to 
follow recommendations fully. In an effort to conserve 
space and reduce cost he has often reduced the duct size by 
as much as 50 per cent. This has resulted in high static 
pressures, large reductions in air flow, and inferior results. 
Many homemade systems have been built relatively airtight, 
thereby giving substantial static pressures even without hay 
loads placed on them. 


To summarize the factors which have prevented forage 
drying from gaining wider acceptance the following are 
pertinent: 


1 There must be a better effort made to sell good man- 
agement along with each drier. 


2 There is a definite need for a drier which the farmer 
can install and use without making extreme demands upon 
the time of experienced engineers. 


3 The design of the duct must be left to the experts. 


Prefabricated Duct. As the above retarding factors be- 


Surface 
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came more apparent, the challenge followed of designing a 
system which would eliminate them. Improvement of fan 
design seemed to offer few if any possibilities. The proper 
design of a prefabricated duct system seemed to merit em- 
phasis and as work progressed appeared to hold the answer 
to some of the difficulties faced. A design developed in the 
winter of 1951 and 1952 is pictured in the accompaning 
illustration. 

Two sizes of ducts were developed, one 3 ft and the 
other 6 ft high. A width and length of 5 ft was standard 
irrespective of height. In actual installations involving mow 
widths to 25 ft, the higher duct was used through the center 
of the mow without laterals. For mows between 25 and 30 
ft in width the higher duct was used along one side of the 
mow with extending laterals selected as explained below. 
For mows exceeding 30 ft in width the higher duct was 
used through the center of the mow with branching laterals 
on cach side as shown in the illustration. Three-foot-high 
sections were used for laterals where the mow height was 
less than 12 ft at the edge of the mow; 6-ft sections were 
used if the mow height exceeded 12 ft at this point. By 
using this method, the prefabricated duct could be fitted to 
the physical shape of practically any mow. 

The one criterion followed in adopting this flexible de- 
sign to any particular installation was that the layout of the 
duct should be such that uniform depths of hay covered the 
ducts and that the maximum depth of hay in any direction 
from the ducts to a point of free air escape was not more 
than 12 ft. 

Marketing plans for the drier involved certain require- 
ments specified by the manufacturer covering each installa- 
tion. No order was accepted unless enough duct work was 
sold with the fan to insure low static pressures. This could 
include any combination of sizes to give the duct system a 
minimum total of at least 350 sq ft of surface area. This was 
the only means by which it was felt that the farmer could 
be sold a well-designed duct system which would not only 
fit the layout of his barn, but would also insure low static 
pressures and consequently the maximum air volumes that 
it was possible to obtain from his fan. Instruction cards list- 
ing three major steps in good management were sent out 
with each piece of equipment. 

During the summer of 1952 these driers were sold in an 
area extending from Iowa through Massachusetts. All of the 
sales were made by salesmen who had no previous knowl- 
edge of drying. As a result, none of them were in a posi- 
tion to follow up and supervise the management of the drier. 
With the exception of follow-up studies to obtain operating 
information, no help was given to any of the farmers who 
purchased these units on either the installation or super- 
vision of the drier. This was (Continued on page 188) 


TABLE 1 


Depth of Static Air 
Installa- Fan size, area of hayaround Total depth pressures, volume 

tion Mow size, ft Motor hp in duct, ft, duct, ft of hay, ft Type of material in efm 
1 40 x 36 5 46 625 12 18 Clover, 3-in cut 0.55 19,800 
2 28 x 32 5 46 525 10 16 Clover, 3-in cut 0.70 19,000 
3 26 x 36 5 36 350 12 18 Alfalfa-brome mixture, 5-in cut 0.35 21,500 
1 29x 40 5 36 660 10 16 Alfalfa-brome mixture, 5-in cut 0.25 22,300 
5 26 x 36 5 36 460 10 16 Alfalfa, 6-in cut 0.40 21,100 
6 23x 32 5 36 350 8 14 Alfalfa, 3-in cut 0.35 21,100 
7 28 x 32 TY, 42 600 5 11 Clover-timothy 0.15 36,700 
8 28 x 346 5 42 525 8 14 Alfalfa, 3-in cut 0.40 28,200 
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Get the roller chain that gives you 
SHOT-PEENED rollers... 


Thousands of tiny steel balls ham- 
mer the metal—'‘cold work" each 
roller .. . pay off in extra fatigue life 

. added ability to withstand shock 
and impact. 


look for the darkened rollers! 


HERE are sound reasons for the universal acceptance of 

Link-Belt Precision Steel Roller Chain. Two of them— 
shot-peened rollers and Lock-type Bushings—are shown 
here. 

Others include Link-Belt’s rigid material selection and 
controlled heat treating—your assurance of absolute uni- 
formity with no weak members. 

Whether it’s for drive or conveyor service, you can get 


the best in roller chain from the complete Link-Belt line— 
single and multiple widths, in 3g” through 3”, and double 
the Link-Belt office near you. 
4 &y a 
Pra kr a ie 
\ ee: oe 
Sw 
PRECISION STEEL ROLLER CHAIN 

/<- Houston 1, Minneapolis 5, San Francisco 24, Los Angeles 33, Seattle 

Toronto 8, Springs (South Africa). Offices, Factory Branch Stores and 


pitch, 1” through 3”. Next time you need roller chain, call 
M 
\ Ge). 
a Gee f 
LINK-BELT COMPANY: Chicago 9, Indianapolis 6, Philadelphia 40, At- 
Fe mel in Principal Cities. 12,697 
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No partial bearing here - 
—bushing fits securely. 


Lock-type Bushings increase ability 
to withstand shock loads 


A special manufacturing process securely locks the inside side- 
bars on the bushing, preventing lateral movement of the 
sidebars and eliminating a common cause of stiff chains. ‘This 
Link-Belt development is applied on roller chains through 
1” pitch and double pitch roller chains through 2” pitch. 
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NEWS ‘SECTION 


Kite Heads Southeast Section 


G. D. (Dan) Kite, associate extension agricultural engineer, Vir- 

ginia Agricultural Extension Service, Blacksburg, was elected 
new chairman of the Southeast Section of the American Society of 
Agricultural Engineers at its meeting in New Orleans on February 
9 to 11. The Section comprises the states of Virginia, North Caro- 
lina, South Carolina, Florida, Georgia, Alabama, Mississippi, Ten- 
nessee and Kentucky. Mr. Kite succeeds George H. Dunkelberg, 
Clemson Agricultural College. J. M. Myers, associate engineer, 
Florida Agricultural Experiment Station, Gainesville, was elected 
first vice-chairman of the Section for the eg year, and W. J. 
Liddell, general manager, Southern Irrigation Co., Memphis, Tenn., 
was clected as the Section’s new second vice-chairman. The new 
secretary of the Section is Harold D. White, professor of agricul- 
tural engineering, University of Georgia, Athens. 

The Section’s 1954 meeting was held as usual in conjunction 
with the annual convention of the Association of Southern Agricul- 
tural Workers. The ASAE Southeast Section is one of the 15 sec- 
tions which comprise the ASAW. 

More than 100 agricultural engineers registered for the three-day 
agricultural engineering program, which was one of the best ever 
offered by the Section. 

The board of directors of ASAW 
vention of the Association at Dallas, Texas, and in the light of this 
decision, the Southeast Section voted to invite the ASAE Southwest 
Section to jointly sponsor with the Southeast Section the agricul- 
tural engineering program to be presented at the 1954 ASAW 
convention. 


voted to hold the 1954 con- 


North Carolina Has First Annual Meeting 


HE first annual meeting of the North Carolina Section of the 

American Society of Agricultural Engineers was held at Raleigh, 
January 23 and 24, with more than 50 agricultural engineers in 
attendance. J. H. Hilton, dean of agriculture, welcomed the group 
to the campus of North Carolina State College. 

Vice-Chairman J. N. Howard presided at the afternoon session 
on January 23. Ground water conditions in the state were discussed 
by J. L. Stuckey of the College geology department. This was 
followed by a paper dealing with training schools in rural electri- 
fication for vocational —— instructors by Dean J. B. Kirk- 
land, college of education. L. B. Maddison, a CPA and a member 
of ASAE, described a farm ee service. Closing the session 
was a panel discussion on irrigation in North Carolina headed by 
H. M. Ellis, agricultural engineer, North Carolina Agricultural 
Extension Service. Other panel participants included R. L. Thomp- 
son, Jr., L. A. White, S. L. Dilda and H. C. Klose. 

An informal dinner dance for the agricultural engineers and 
their ladies was held in the evening. 

The forenoon session on January 24, at which Section Chairman 
John W. Weaver, Jr., presided, consisted of reports from the com- 
mittees on publicity, R. M. Ritchie, jr.; student affairs, Ezra L. 
Howell; professional registration, G. W. Giles; and publications, 
J. C. Ferguson. C. L. Overman, president of the ASAE Student 
Branch at North high-lighted the activities 


Carolina State College, 
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The group of agricultural engineers which attended the first annual meet- 
ing of the North Carolina Section of the American Society of Agricultural 
Engineers held at Raleigh on January 23 and 24 
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ASAE Meetings Calendar 


March 27 and 28—Mtp-CENTRAL 
doux, St. Joseph, Mo. 

April 9—OKLAHOMA SECTION, Oklahoma A. & M. Col- 
lege, Stillwater 

April 10 and 11—SoutHwest SECTION, Oklahoma A. & 
M. College, Stillwater 


April 10 and 11—Rocky MOUNTAIN SECTION, University 
of Wyoming, Laramie 
April 23 and 24—-PENNSYLVANIA SECTION, Agricultural 


Engineering Bldg., Pennsylvania State College, State 
College 


SECTION, Hotel Robi- 


May 1 and 2—-ALABAMA SECTION, Alabama Polytechnic 
Institute, Auburn 


May 1 and 2—VirGINIA SECTION, Natural Bridge Hotel, 
Natural Bridge, Va. 


May 8—MINNESOTA SECTION, Agricultural Engineering 
Bldg., University Farm, St. Paul 

June 15 to 17—46TH ANNUAL MEETING, Hotel William 
Penn., Pittsburgh, Pa. 


August 31 to September 2—NortH ATLANTIC SECTION, 
Long Island Agricultural and Technical Institute, 
Farmingdale, L. 1., N. Y. 


December 7-9—-WINTER MEETING, Edgewater Beach Ho- 
tel, Chicago, Ill. 


Note: Information on the above meetings, including 
copies of programs, etc., will be sent on request to 
ASAE, St. Joseph, Michigan 


of this group during the past year. The session closed with a panel 
discussion headed by G. W. Giles on the mechanization of some of 
the major crops in North Carolina, including J. H. Anderson on 
cotton, J. M. Wagner on peanuts, and R. W. Wilson on tobacco. 

Two. papers, a report, and the Section’s annual business session 
constituted the afternoon program. R. M. Ritchie, Jr. and E. S. 
Coates, agricultural engineers, North Carolina Agricultural Exten- 
sion Service, spoke, respectively, on acceptance of silos by types and 
materials of construction and on latest developments in crop drying. 
F. J. Hassler, Oxford Tobacco Experiment Station, reported on the 
winter meeting ot the Society at Chicago in December. 

At its business session, the Section elected the following officers 
for the coming year: Chairman, Joseph N. Howard, agricultural 
engineer, Duke Power Co., Greensboro, N. C.; first vice-chairman, 
John C. Ferguson, agricultural engineering extension specialist, 
North Carolina State College, Raleigh; second vice-chairman, L. C. 
Smith, and secretary- treasurer, Francis J. Hassler, research associate 
professor of agricultural engineering, Tobacco Experiment Station, 
North Carolina State College, Oxford. 


Michigan Farm Machinery Conference 


TWO-DAY farm machinery conference at Michigan State Col- 

lege, March 23 and 24, has been arranged by the department 
of agricultural engineering of the College, the Michigan Farm 
Equipment Association and the Michigan Tractor and Implement 
Club, with the cooperation of the Continuing Education Service of 
the College. 

The program has been developed to bring to dealers, county 
agents and farmers new information on farm equipment and agri- 
culture. Pertinent research results will be reported. 

Subjects to be covere?} include tillage machinery, 
fertilizer application, gtassland farming, 
spraying and dusting equipment, 
Irrigation, 

ASAE members scheduled to contribute to the program are S. E. 
Larsen, secretary, Michigan Farm Equipment Association; A. A 
Stone, special representative, International Harvester Co.; E. W. 
Lehmann, head, agricultural engineering department, University of 
Ilinois; J. H. Levin, U.S. Department of Agriculture, and members 
of the MSC agricultural engineering department. staff including 
A. W. Farrall, H. F. McColly, W. M. Carleton, B. F. Cargill, C. W. 
Hall, E. H. Kidder, W. H. Sheldon, Wm. E. Splinter, R. G. White. 


(Neus continued on page 184) 


soil structure, 
crop-handling systems, 
weed-control equipment, and 
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It’s no miracle that CLARK Drive Units do 
such a remarkably efficient job. For every 
Clark unit is a combination of unique design, 
sound engineering, finest materials and 
skillful manufacturing... all backed by a full 


half-century of practical experience. 
So many manufacturers of heavy-duty automo- 
tive, farm and road equipment depend upon 
CLARK Drive Units for this top efficiency that it 
amounts to a most impressive endorsement. It 
proves, again, that “it’s good business to do busi- 


ness with CLARK.” 


CLA Rh EQUIPMENT COMPANY 


BUCHANAN, MICHIGAN  ofher Plants: BATTLE CREEK and JACKSON, MICHIGAN 
TRANSMISSIONS @ AXLES © AXLE HOUSINGS ¢ TRACTOR DRIVE 
FORK TRUCKS AND TRACTORS © POWERED HAND 


PRODUCTS OF CLARK 
UNITS 
TRUCKS « GEARS AND FORGINGS © ELECTRIC STEEL CASTINGS 
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NEWS SECTION (Continued from page 182) 


Farm Structures Research Group Organized 


. B. POOR, chairman of the Farm Structures Division, ASAE, 
announces the organization within the Division of a Com- 
mittee on Farm Structures Research. Formation of the group was 
primarily the result of informal group discussions at the last winter 
meeting of the Society at Chicago on the need of closer cooperation 
between states; between state and federal agencies; and the part 
industry should play in promoting and making more effective re- 
search in the farm structures field. 


Chairman of the Committee is $8. A. Witzel, and the cochairman 
is J. F. Schaffhausen. A good cross section of those agencies pri- 
marily interested in farm structures research is provided by the 
following additional committee members: Wallace Ashby, H. J. 
Barre, H. E. Besley, N. H. Curry, R. H. Driftmier, W. E. Eakin, 
F. C. Fenton, Henry Giese, A. H. Hemker, Price Hobgood, L. W. 
Neubauer, B. C. Reynolds, F. J. Reynolds, D. B. Poor, C. K. Otis, 
J. Roberts, L. L. Boyd, H. T. Barr, and as advisory members, Roy 
Battles, National Grange, and a representative of the American 
Farm Bureau Federation yet to be named. Spearheading the over- 
all committee activity will be an executive group consisting of 
S. A. Witzel, J. F. Schaffhausen, H. E. Besley, R. H. Driftmier, 
W. E. Eakin, F. C. Fenton and Henry Giese. 

At its first meeting on January 16, the executive group gave 
general approval to the activation of the recommendations pertain- 
ing to the promotion of farm structures research given in the now 
out-of-print bulletin “Research in Farm Structures,” Miscellaneous 
Publication 133, U.S. Department of Agriculture, April, 1932. This 
survey conducted by Henry Giese, lowa State College, in 1929-30, 
was supervised by an advisory committee to the then Secretary of 
Agriculture composed of representatives of farm organizations, 
building material manufacturers, trade associations, the U.S. Depart- 
ment of Agriculture, and ASAE. 


At that time the advisory committee recommended the employ- 
ment of an agricultural engineer by the USDA whose duties and 
responsibilities would include (1) the development of a coordi- 
nated research program in farm structures involving problems of 
pressing national and regional significance, (2) intimate contact 
with state workers to encourage them and coordinate their efforts as 
a means of avoiding duplication, (3) encouraging active coopera- 
tion between federal and state agencies, and (4) maintaining a close 
relation with industrial, technical and educational agencies through 
direct contact with a permanent advisory council representing these 
interests in order properly to interpret the specific needs of industry 
and agriculture to the research agencies 


Chicago Section Features Soil Conservation 

OIL conservation in the Midwest was the topic of the dinner 

meeting of the Chicago Section of the American Society of Ag- 
ricultural Engineers at Chicago, February 2. L. H. Cassity, of The 
Buchen Company and recently with the U.S. Soil Conservation 
Service, explained how the nation’s population is increasing and 
how proper soil management, good production practices and soil 
conservation will help to provide sufficient food for the future. 
John Garrity of the John Effa Engineering Co., discussed the 
effects of sprinkler irrigation on increasing crop production, in- 
cluding the increased use farmers make of irrigation once the 
system is installed. L. G. Samsel of the J. 1. Case Co. gave an 
interesting resume of the progress made in soil conservation in 
the states of the Midwest. 


Hydraulics Meeting in August 


SECOND notice of the 1953 meeting of the International 
Association for Hydraulic Research indicates that plans for 
the meeting are developing satisfactorily. 


The meetirg is scheduled to run from August 31 through 
September 4 at the University of Minnesota and is to be jointly 
sponsored by the [AHR and the hydraulics division of the Ameri- 
can Society of Civil Engineers. 

Four technical branches of the field to be given’ primary 
attention are density currents; air entrainment by flowing water; 
waves, beach erosion, and hydromechanics of shore structures, and 
basic relationships of sediment transportation by flowing water. 

Members of both sponsoring organizations have been invited 
to submit manuscripts of papers they might present personally at 
the meeting. Titles were to be in the hands of the president of 
the Association by November 15, 1952, and completed manuscripts 
for consideration for the program are to reach him by March 1. 
Members have been given definite information on standards of 
preparation desired. 
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ASAE Connecticut Valley Section Organized 


GROUP of members of the American Society of Agricultural 
Engineers met at Springfield, Mass., January 22, and organ- 

ized what the Council of the Society has since approved as the 
“Connecticut Valley Section,” the territory of which is to comprise 
southern New England. 

At this meeting the following officers were elected: chairman, 
Carl F. Libby, agricultural engineer, Northeast Agricultural Engi- 
neering Service, Hampden, Mass., senior vice-chairman, Harold E. 
Gulvin, extension specialist in agricultural engineering and head, 
mechanized agricultural department, University of Rhode Island, 
Kingston; junior vice-chairman, Richard I. Rich, assistant manager, 
Eastern States Farmers’ Exchange, Westfield, Mass., and secretary, 
Arthur G. Fox, Jr., assistant to director of agricultural develop- 
ment, New England Power Service, Sterling, Mass. 


New ASA Standards 


HREE new standards of particular interest to designers, architects 

and draftsmen developed under the procedure of the American 
Standards Association have recently been published, as follows: 

Graphical Symbols for Heating, Ventilating, and Air Condi- 
tioning (Z32.2.4—1949), 40 cents per copy. 

Graphical Symbols for Pipe Fittings, Valves, and Piping (Z32.2.3 

1949), 40 cents per copy. 

Graphical Symbols for Welding (Z32.2.1 
copy. 

These standards are published by the American Society of 
Mechanical Engineers, 29 West 39th St., New York 18, N. Y., 
from whom copies may be obtained. 


1949), 50 cents per 


___NEWS OF ASAE MEMBERS 


Fart D. ANDERSON recently resigned as secretary of the Na- 
tional Sprayer and Duster Association to accept the position of 
director, agricultural extension department, Stran-Steel Division, 
Great Lakes Steel Corp., Detroit. 

e e 2 

Norris M. Foutetr, JR., recently became associated with the 
Embry Brothers Farm Equipment Co. at Louisville, Ky. He was 
formerly cartographic engineer in the U.S. Navy Hydrographic 
Office. 

e e e 

RicHArD K. McConkey has been promoted from the position 
of district manager of the Industrial Division of the Timken Roller 
Bearing Co., at the Company's office in Moline, IIl., to the post of 
assistant general manager of the Industrial Division, and has as- 
sumed his new duties at the Company's main office in Canton, Ohio. 
A graduate of Northwestern University in industrial engineering in 
1935, Dick McConkey entered the employ of Timken in July of 
that year as an industrial engineering trainee, and later served in 
the Los Angeles and Milwaukee offices of the Company prior to 
being stationed at Moline. While in Moline he served a term as 
secretary of the lowa-Illinois Section of ASAE. 

e e e 

Cuarvtes B. Peak has accepted a position as assistant chief 
engineer in the implement division of the Detroit Harvester Co., 
at Zanesville, Ohio. He was formerly design engineer with 
Hardie Mfg. Co. 

e e e 

P. H. SOUTHWELL, assistant experimental officer, National In- 
stitute of Agricultural Engineering (England), is author of a new 
book, entitled “The Agricultural Tractor.’ published by Temple 
Press, Ltd., London. The book was produced and published in 
association with the publication “Farm Mechanization.” 


NECROLOGY 


CHARLES M. PACKHAM, sales engineer, Stewart-Warner Corp., 
passed away January 28 at Evanston Hospital at the age of 73. 

Born at Mechanicsburg, Ohio, Mr. Packham attended the 
Springheld, Ohio, high school and Wittenberg College. At the 
age of 19 he was employed in the factory of the American Seeding 
Machine Co. at Springheld. Progressive advancement and broaden- 
ing experience led to his being made manager of the subsidiary, 
Evans Mfg. Co. Next he was associated in turn with the Kelly- 
Springfield Motor Truck Co., Republic Motor Truck Co., and 
Bassick Manufacturing Co., before joining the Stewart-Warner 
organization, In the latter his special interest was in the use of 
the company's products on farm equipment. He gained a wide 
acquaintance in the industry and among agricultural engineers. 
Mr. Packham had been a member of ASAE since 1925. Survivors 
are his widow, Edith K. Packham, two daughters and two grand- 
children. Burial was at Springfield, Ohio. ; 
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% Engineering Service; Long 
Service Life; Quality— 
which you get in unusual 
degree when you buy Morse 
Power Transmission 
Products. 


These and other manufacturers of hundreds of thousands of fine 


J. I. Case Company puts the extra farm machines use Morse Power Transmission Products: 
stam) zo P ar Transmis- J. 1. Case Company New Holland Machine Company 
omnes of Morse | es J lransmis The Oliver Corporation Allis-Chalmers Manufacturing 
sion Products to work in its fine line The Massey-Harris Company Company 

f f: } i cadias International Harvester Massey-Harris, Ltd. 
of farm machinery, Company Cockshutt Farm Equipment, Ltd, 
Above: a Case Combine Minneapolis-Moline Company Deere & Company 

2: a Las 


Your customers expect your machinery to 
operate at peak efficiency despite continued 
operation under all weather conditions— 
regardless of heavy service and only occa- 
sional maintenance. 


These conditions call for the extra 
stamina of Morse Power ‘Transmission 
Products. 


The reputation of your equipment for 
dependable, economical performance will 
benefit by the use of Morse products. 


Why not check into the Morse line 
today? We'll be glad to send you informa- 
tion dealing specifically with the applica- 
tions you have in mind. Or, if you choose, 
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M= PT Morse means Power Transmission 


let us send you catalog literature on Morse 
Roller Chains, Morse Double-Pitch Roller 
Chains, Morse Sprockets, or Morse Morflex 
Couplings. 


ow ow ew ew eee ee ee ee ee ee ee 


MORSE 


MECHANICAL 


POWER TRANSM/SS/ON 


propucTs 


-—<—ee ee 


‘Ve mae oo ew 


© nb dt tan an ab ae a a eee ee 


MORSE CHAIN COMPANY 
Dept. 436 
7601 Central Avenue © Detroit 10, Michigan 
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Is a Tractor Drawbar Needed? 


To THE Epiror: 

UR present mounted corn pickers are 

in reality self-propelled units, and there 
are plenty of self-propelled combines in the 
field today. Even swathers, mowers and 
other units are mounted or attached to make 
them to all intents and purposes self-pro- 
pelled. An endless variety of hay, tillage 
and planting equipment now in use is Car- 
ried by the tractor. 

How far can we go toward carrying all 
operated equipment on the tractor and call- 
ing it a power chassis? What is the size 
and price of power chassis that will meet the 
needs of the greatest number of farmers 
today? First of all, it must fit the farmers 
pocketbook. It needs to fit the farm topog- 
raphy. It should help with farm hauling. 
The market will need study but there is an 
answer. The most recent production figures 
from the Bureau of Census for the first three 
quarters of 1952 show that general-purpose 
tractors of from 8 to 24 hp represent about 


You Can hel f 60 per cent of total farm tractor production. 
p armers Save money Perhaps it is time to give some serious 

consideration to what we may call a “farm 

* power chassis’ of light construction, per- 

if you recommend haps tubing, that may be engine-driven and 

provided with a live power take-off. Per- 

haps we could mount a four-cylinder “pan- 


pressure-creosoted posts for fences 3: 2.8.8 es 
with this axle, making the combination re- 


placeable as a quick-exchange unit. It might 


RESSURE-CREOSOTED fence posts last from 3 to 5 be possible to have the front wheels driven 


times longer than any type of untreated post (30-year when needed. 
posts are not uncommon). This longer service stretches out Such a unit might be used for nearly all 
the initial cost of a fence over many more years. It greatly farm work. It could carry a front-mounted 
reduces the time and labor spent repairing and replacing mower, also a side rake. This would avoid 


running the unit on a swath for either oper- 
ation. Tillage and seeding equipment could 


worn out fences. 

Treatment with creosote also limits damage caused by 
brush fires. Creosoted fences resist combustion, so fire is not 
likely to level a fence. Creosoted fences have come through 
severe grass fires with only minor charring. top, as could grain drills and fertilizers, all 

For complete information about the advantages of creosote epieind by a live power take-off, of course. 
in preserving fence posts, write to Koppers Co., Inc., Tar Even a flat bed or a wagon box could be on 
Products Division, Pittsburgh 19, Pa. top. Power from the unit could be used for 


be carried underneath. Small combines, corn 
pickers or forage harvesters for row crops 
or for grass could no doubt be mounted on 


unloading these boxes. Even a= spreader 


KOPPERS COMPANY, INC., PITTSBURGH 19, PA. might find a place here so it could be loaded 


and unloaded with power from the unit. 
Tar Products Division ; ye 

Such a power chassis could no doubt be 
made to sell for a figure well within the 
reach of an average small farmer. The 


equipment in tools to go with it would also 


DISTRICT OFFICES: Boston, Massachusetts, 
Woodward, Alabama 250 Stuart Street 
Chicago, Illinois, Los Angeles, California, : 

122 S. Michigan Avenue 727 E. Gage Avenue be sold at a figure considerably below the 
New York, New York, Pittsburgh, Pennsylvania, price of the conventional machines used to- 
350 Fifth Avenue Koppers Building day, because of elimination of the carrying 
means now needed. Weight would be pro- 
portionally less to aid in reduced costs. As a 
power unit to run a grinder, the power take- 
off could be used. It might logically dis- 
pense with the need for any belt work. Even 
a farmer with large acreage might find a 
place for the unit. There is a lot of work 
on such farms that could be done faster and 
at a lower cost than at present. Even an 
average farmer could perhaps find a place 
for two of these units which could be pur- 
chased for less than a large tractor. 


(Continued on page 188) 
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* Is compact design your problem? 
here’s how portable electric tool manufacturers 
solve it with NEEDLE BEARINGS 


Torrington Needle Bearings are designed into many portable elec- 
tric tools because their small cross section permits the close shaft- 
center distances so necessary to compactness. 

They have been performance-proved through years of successful 
operation on counter shafts, pinion shafts and spindles in drills, 
buffers, sanders, grinders and other electric tools. 

Since it was introduced nearly twenty years ago, many manufac- 
turers throughout industry have made the Torrington Needle 
Bearing ‘‘standard equipment” for products requiring an anti- 
friction bearing that’s light, compact and has high rated radial 
capacity. 

Why not find out how Torrington Needle Bearings can be used 
to advantage in your products? 


THE TORRINGTON COMPANY, Torrington, Conn., South Bend 21, Ind. 
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GET THIS 
FARM FIX-UP BOOK 


REE / 


Masonite’s new book is chock-full 
of helpful ideas for better farming! 


Is a Tractor Drawbar Needed? 
(Continued from page 186) 


It seems to me that we are about ready 
for a change in the general design of con- 
ventional tractors. It seems as though we 
should begin to analyze field operations 
more closely and with the idea of dispensing 

: with the drawbar. Why should we drag 
Het" are it deem equipment over the field when we aie 
in a few hours of spare time. Carry it? 

Facilities need to be provided to enable 
our farmers to produce more per unit of 
area and at reduced costs. Our land area is 
not being increased. Neither is our total 
number of farmers. But our population is 
growing at the rate of about 7,000 per day. 


: : — The engineering progress stimulated by 
— ae LT * the pioneers who contributed to the devel- 


aS — Se 
im = Helpful [deas for better farming ! 
a” a D CHUTE FOR CASE 
GOODS 


Egg cases, boxes, bales 
are quickly moved from 
upper to lower floor on 
a grainless Tempered 
Presdwood chute. Saves 
time. Can be built in 

a few hours. 


opment of traction engines and other farm 
operating equipment in the past 75 to 100 
years can be continued. 

FRANK N. G. KRANICK 


Farm equipment consultant 
Racine, Wis. 


A Prefabricated Duct System 
(Continued from page 180) 


intentional in an effort to determine 
whether the drier would eliminate the 
four primary causes of failures listed 
above. 


MP SUMMARY 
A partition of 


moisture-resistant 
Tempered Presd- 
wood panels closes 
off this handy place 
for showering and 
changing from work 
clothes. The shower 
is made from 
hogshead barrel 
and piping. 


During the month of November, 1952, 
a check was made with fifty of the oper- 
ators of these installations. One farmer 
reported difficulty in making better qual- 
ity hay than previously by field curing. 
A change in the management of his drier 
between the first and second cuttings 
eliminated his trouble, and he reported 
making excellent quality hay from his 


ROAD-SIDE 


MASONITE” TEMPERED 
PRESDWOOD"... 


CHAIN SIGN 


6’ Tempered Duolux 
(a Presdwood product), 
smooth on both sides, 
is ideal material for 

this sturdy produce sign. 
Slate painted sections 

at right are for prices 
written in chalk. 


THE WONDERWOOD OF 1000 USES 


about the farm. Resists moisture 


erma- 


nently... out-weathers the weather! Get 
acquainted with these large, hardboard 
panels of wood-made-better. Presd- ~ 
wood will never rot, split, or splinter. Test it yourself. 


Easy to cut, nail and paint. 


Send for free sample. 


second cutting. In only one case did the 
farmer rely on obtaining experienced 
personnel to guide him in the operation 
and management of his drier. 


The effect of poor management has 
not been completely eliminated; it was 
certainly minimized, however, through 
the use of simplified instructions. In each 
case where lengthy and complete type- 
written instructions had been sent out, 
the farmer had disregarded them. The 
simplified instructions were kept close to 
the fan. 

The information contained in Table 1 
gives further indication of why these 
systems were successful. The maximum 
static pressure encountered, 0.7 in, is 
lower than that considered to be average 


MASONITE’ CORPORATION 


Dept. AE-3, Box 777, Chicago 90, Illinois 


“Masonite” signifies that Masonite Corporation is the source of the product 


Please send my copy of your Farm Fix-up Book and sample of Tempered Presdwood. 


for drying systems. The prefabricated 
open-duct system, which insures low 
pressures and greater air volumes, will 
eliminate, it is believed, a former major 
inherent weakness associated with forage 
drying. It presents to the farmer an op- 
portunity to buy a complete unit, engi- 
neered to do the intended job. 
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It's hard to beat 
a specialist in 
his own field! 


with CLEVE-WELD, 
it’s RIMS and RINGS 


For most types of rims—or other circular rolled or 
welded steel parts in quantity —chances are you 
can’t beat Cleve-Weld...for quality, uniformity and 
price! 

Here is an organization of engineers, metal- 
lurgists and production experts that has special- 
ized in this one field for more than 40 years. Here, 
too, is a modern plant equipped with machinery 
especially designed and built by Cleve-Weld for the 
most efficient mass-production of metallurgically 
and mechanically uniform circular steel parts. 
This unbeatable combination supplies rims, rings, 
bands, gear blanks and other similar parts to many 
leading manufacturers of tractors, trucks, trailers 
and agricultural implements...might well be the 
ideal source of supply for you! 

Whatever your requirements in this special- 
ized field, it will pay you to consult Cleve-Weld. 
Forward your drawings and specs for a free esti- 
mate. Out of their broad experience, Cleve-Weld 
engineers can frequently offer suggestions for 
slight design changes that will add strength to the 
part...or reduce its cost of production.Write today! 


THE CLEVELAND WELDING COMPANY 
West 117th St. & Berea Road, Cleveland 7, Ohio 
A Subsidiary of 
AMERICAN MACHINE & FOUNDRY COMPANY, New York 


See AMF's exciting, new television shou, “OMNIBUS”. Check your local paper for time and channel. 
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Applicants for Membership 
The following is a list of recent applicants for 

membership in the American Society of Agricul- 

tural Engineers Members of the Society are 


urged to send information relative to applicants 
fot consideration of the Council prior to election. 


ALprrs, Ropert J.—-Sales engineering, The 
Michigan Vitrified Tile Co. (Mail) 114 
N. Howell St , Owosso, Mich. 

ARMSTRONG, JOHN S.—-Sales manager, M/s 
Harry Ferguson, Ltd. (Mail) 41 Cun- 
ningham Rd., Bangalore, India 

Asinc, Jorce G.—Student, University of 
Florida, Gainesville, Fla. (Mail) PO 
Box 2901 

BANNON, JOHN H Field engineering, 
Bearings Co. of America. (Mail) 436 N. 
Lawler Ave., Chicago, Hl. 


Bakron, ALLEN B.—Research associate 1n 
agricultural engineering, University of 
Connecticut, Storrs, Conn. 

Brock, CHARLES R.—Special representative, 
sales development div., Caterpillar Trac- 
tor Co. (Mail) 300 Colona St., Barton- 
ville, Tl. 

Brooks, Haroip T.—Chief engineer, Sepco 
Corp., Pottstown, Pa. 

CHOINIERE, JACQUES A. Student, Mich- 
igan State College, East Lansing, Mich. 
(Mail) 810 B Birch Rd. 

CHUNGLO, CHARLES F. Agr:culturist, 
West Massachusetts Electric Co., 73 State 
St., Springfield, Mass. 

Currey, Henry D.—Owner, B. C. Vege- 
tation Control and special lecturer in 
agricultural engineering, University of 
British Columbia (Mail) 628 Vancouver 
Block, Vancouver 2, B. C., Canada 


a Bigger, Better 


ISca 


16% More 
Power for 
Your 

Equipment 


Heavy-puty 7¥¢2- Cooled 


VGA4D Standard Engine with 
side-mount fuel tank. 


Another engineering achievement . . . the NEW 
Model VG4D V-type 4-cylinder Wisconsin Heavy-Duty 
Air-Cooled Engine, increasing the power range to 36 hp. — 


a power gain of more than 16% over the VP4D, former top 


engine in the line. 


est “2a 
MACHINE: 


The NEW Model VG4D is an exceptionally smooth-running, even-firing 
engine. Its light weight and compactness in design simplify the problem 
of engine installation on modern equipment where weight and space 


limitations are important factors. 


Every one of the traditional Wisconsin 4-cylinder features are built into 
this new model. These include, to name a few, tapered roller main bear- 
ings, dynamically balanced, heat treated, drop forged crankshaft, mirror 
finish on crank pins, Stellite-faced exhaust valves and valve seat inserts 
and honed cylinders for long, dependable, heavy-duty engine life. 

The Model VG4D engine is definitely Tops in Performance, delivering a 
maximum of power per pound of engine weight, at minimum operating 


and maintenance costs. 


We invite your request for complete detailed specifications. 


ae ae 


». WISCONSIN MOTOR CORPORATION 


rpg eee oN HN me Wee ew 
World's Largest Builders of Heavy-Duty Air-Cooled Engines 
a MILWAUKEE 46, WISCONSIN 


DR e er a wes 


A 7342-14 


Decker, GEORGE J.— 2nd Lt., USAF. (Mail) 
5621 7th Place, S., Arlington, Va. 

E.uiort, JaMes H., Jr.—(SCS), USDA 
(Mail) PO Box 359, Portales, N. Mex. 

FERGUSON, WILLIAM—-Execut.ve engineer, 
Department of Agriculture, Nigeria, Af- 
rica. (Mail) Irrigation Olice, Bida 


GENZEL, Bruce A.— District sales manager, 
Chain Belt Co. (Mail) 2011 Welwyn 
Ave., Des Plaines, Ill. 

Hatcu, DoNaLp J.—Sales manager, Dura- 
b.lt Mfg. Co., Aurora, Ill. 


Hinrze, HerBerr W. F.—-Special represen- 
tative (agriculture), sales development 
d.v., Caterpillar Tractor Co. (Mail) 324 
Nelson Dr., Baton Rouge, La. 

HupFAUER, MAx Instructor, Technical 
school, Muchen. (Mail) Vottinger Str. 
36, Freising/Bayern, Germany 

KoNnyHA, Perer P.—Trainee, J. 1. Case 
Co., Racine, Wis. (Mail) 3052 Douglas 
Ave. 

LAKE, SHIRLEE M. 
Co. (Mail) 7325 
Wis. 


LarsON, DoNatp J.—Trainee, Caterpillar 
Tractor Co. (Mail) 200 E. Washington 
St., Morton, Ill. 

MAHAFFAY, Ropert J.—Director of engi- 
neering, The Chek-Chart Corp., 31-33 E. 
Congress Pkwy., Chicago 5, II]. 

Merzcer, J. E.—-Sales manager, Shanzer 
Mfg. Co. (Mail) 1319 Ninth St., Lake 
Charles, La. 

MILLIMAN, THOMAS E.—Director of re- 
search, Cooperative GLF Exchange, Ter- 
race Hill, Ithaca, N. Y. 

MULLER, JOHNNY H.—District sales man- 
ager, Farmland Irrigation Co. (Mail) 125 
Sussex Way, Fresno 4, Calif. 

OLSON, CHAUNCEY W.—-Manager, Moline 
Office, The Fafnir Bearing Co., 1907 7th 
Ave., Moline, III. 

Pomroy, Jesse H., Jr.—lInstructor in agri- 
cultural engineering, University of Min- 
nesota, St. Paul, Minn. 

REVELS, ErNesr W., Jr.—District super- 
visor, Florida Ford Tractor Co., PO Box 
1258, Jacksonville, Fla. 

ROUSSEAU PoRTALIS, JEAN—Design engi- 
neer, La Metallurgica Balcarcena, Inc. 
(Mail) Las Heras 3702, Buenos Aires, 
Argentina, S. A. 

SEUFERT, PAUL J.—Field technician, Wood- 
in & Little, 33-41 Fremont St., San Fran- 
cisco 6, Calif. 

SpURLOCK, PauL M.—Engineer, Corps of 
Engineers, Little Rock, Ark. (Mail) 515 
Ringo 

SrouGH, C. R.—Assistant chief engineer, 
Motor Wheel Corp., Lansing 3, Mich. 

SWANSON, Lewis E.—lInstructor in agricul- 
tural engineering, Michigan State College, 
East Lansing, Mich. (Mail) 810 A Maple 
Lane 

Twist, OLIVER M.—Special representative, 
sales development div., Caterpillar Trac- 
tor Co. (Mail) 201 Earl Ave., Creve 
Coeur 8, Ill. 

ViaL, Davin W.—Trainee, farm tractor en- 
gineering dept., International Harvester 
Co. (Mail) 5900 Wolf Rd., LaGrange, 
Illinois 

WHITTINGTON, RICHARD S.—Parts super- 
visor, Florida Ford Tractor Co., PO Box 
1258, Jacksonville, Fla. 

Winrott, WALTER F., Sk.—Sales promo- 
tion, Pacific Pipe Co. (Mail) 810 32nd 
Ave., San Francisco 21, Calif. 

Wyatt, CHARLES E.—-Farm and ranch rep- 
resentative, Humble Oil & Refining Co., 
PO Box 2180, Houston, Tex. 


(Continued on page 196) 


Draftsman, J. 1. Case 
24th Ave., Kenosha, 
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DURKEE-ATWOOD V-BELT 


Simplifies Power Transmission for 
Ferguson Side-Delivery Rake 


The Ferguson Side-Delivery Rake is unit-mounted on the 
tractor and driven from the power take-off by a single 
Durkee-Atwood V-Belt. This drives the right-hand reel 
spider with no cams, gears or chains to wear out or cause 
trouble, and eliminates the ground drive with its usual 
slippage and complicated moving, driving and wearing 


mechanisms. 


The six-bar reel and special offset placement of bars 
permits raking at speeds up to 10 miles per hour. Should 
the reel become jammed accidentally, the V-belt drive 


allows sufficient slippage for protection. 


D-A ENGINEERING 
Integrates the V-Belt 
with the Application 


Durkee-Atwood engineers collab- 
orated with Ferguson engineers 
in overcoming design problems of 
the V-belt drive for the Ferguson 
Side-Delivery Rake. The result 
was a specially constructed V-belt 
that does an outstanding job. 

If you have a V-belt problem, 
Durkee-Atwood's facilities are at 
your command. Ask Durkee-At- 
wood — your best source for engi- 
neering assistance and highest 
quality V-belts for agricultural 
equipment. 


_ [DA| DURKEE-ATWOOD COMPANY 


CORN PICKERS * WINDROWERS 


Dept. AE-3 MINNEAPOLIS 13, MINNESOTA 


Suppliers of original equipment V-Belts for major manufacturers of: 


COMBINES * MOWERS * HAY RAKES * FORAGE HARVESTERS 


CHOPPERS * COTTON PICKERS 
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for 


Dependable performance 


ai ft sp e NEWS FROM ADVERTISERS 


New Products and Literature Announced by 
AGRICULTURAL ENGINEERING Advertisers 


Low Model Tractor 


J. 1. Case Co., Racine, Wis., has announced a new low-seat, 
low-platform, all-purpose 2-plow tractor in the VA series. De- 
livering power at six distinct points, the tractor and implements 
to match will perform over 100 farm power operations. The six 
power application points are: (1) the quick-coupling Eagle hitch 
for rear-mounted implements, (2) dual-valve hydraulic controls 
for mounted or trailed machines, (3) master support for front- 
mounted implements, (4) full-swing drawbar for trailed machines 
(not a part of the Eagle hitch), (5) a centered power take-off 
which fully conforms to ASAE standards, and (6) a side-mounted, 
right-hand belt pulley for easy lineup to driven machines. 

This new tractor has excellent four-wheel stability for hill- 
side work and a wide range of tread widths for intertilled crops. 
It has powerful brakes to assist in short turning, shockproof 
steering, in addition to Case Eagle hitch features of other models. 
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It's important in crop spraying to get thorough 
coverage of the crop. That calls for reliable 
equipment like the Aero Mist Master which 
depends on STOW flexible shafting to transmit 
power from the accessory gear box to the pump 
which delivers the insecticide to the spray 


} 


nozzles beneath the wing. Case low-model 2-plow tractor 
According to Mabry I. Anderson, of Mississippi A low “bodyguard” seat for easy riding and mounting is avail- 
Valley Aircraft Service, manufacturers of the able. Controls are within easy reach and it is easy to watch the 


ae work ahead. The low platform is an easy step from the side of 
Aero Mist Spray System, ‘Your shafts have Pega ' _— 


never failed —even though they ve already given The whole tractor has a low profile. Tail pipe and low air in- 


us thousands of hours of trouble free service”. take are available as optional equipment if desired. The owner 
can select either the front-mounted “look-ahead” cultivator or the 

Consider STOW flexible shafting for your next rear-mounted Eagle hitch tool-bar equipment with a variety of 

Power Drive or Remote Control application. sweeps, shovels and teeth arranged to fit the job. 

Our engineering department will be happy to Because of its adjustable tread, front and rear, this new model 


fits a wide range of standard and narrow row spacings. It is 
equipped with a high torque, heavy-duty Case engine having ex- 
cellent two-plow lugging ability for hard pulls at reduced speed. 


iu = an 
a 00 4 Write today for your free copy Tractor-Drawn 77-bu Spreader 


of Bulletin 525 containing com- The oe — pene poring nts 4 - 

. . duction of a new 77-bu tractor spreader to be known as the No. 17. 
plete engineering data on STOW This new machine is poner im and designed to handle ex- 
is : ‘Sie A flexible shafting. tremely tough manure usually encountered with mechanical loaders 
' See us in SWEET'S CATALOG One of its features is a completely automatic, self-locking hitch 
stand that is operated entirely by the forward or backward motion 
of the tractor. All controls, as well as coupling and uncoupling 
from the tractor drawbar, can be accomplished without leaving the 


(Continued on page 194) 


work with you. No obligation, of course. 
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New Oliver 17 tractor-drawn manure spreader 
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Photo courtesy Marlow Pumps, Ridgewood, New Jersey 


nearly 25% more water 
with Chrysler Industrial Power 


Too seldom does Mother Nature 
supply moisture in the right pro- 
portion for maximum realization 
of the good things of the soil. This 
problem is not confined to the so- 
called ‘‘dry”’ or “‘arid’”’ regions of 
the country. For instance, here’s 
a field of beans in upper New York 
State. This farmer, like many 
other farmers and growers, has 
found that a sprinkler system fed 
by a Chrysler-powered pump pro- 
vides the supplemental irrigation 
necessary for best growth. 


The Marlow Pump in use here 
is designed for high capacity 
pumping. For that reason, the 
powerful new 180 horsepower, 331 
cubic inch displacement Model 20 
Chrysler V-8 Industrial Engine was 
selected to power it. Result: nearly 
twenty-five percent more water 
than delivered by pumps powered 
by engines of similar weight and 
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Industrial 
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HORSEPOWER 


displacement, without sacrificing 
fuel economy. 


This is another fine example of 
how Chrysler meets the many 
and varied requirements for in- 
dustrial power. For instance, 
Chrysler can equip any of its 
engines with a corrosion-resistant 
or fungus-treated electrical sys- 
tem; propane or natural gas burn- 
ing carburetor; 3, 4 or 5 speed 


transmission; standard or gyrol 
Fluid Drive. 


Chrysler Industrial Power is 
not expensive. Production-line 
methods adapted to specialized 
industrial engine building provide 
a custom-built engine at mass- 
production prices. 

For your power needs, see a 
Chrysler Industrial Engine dealer 
or write us direct: Department 193, 
Industrial Engine Division, Chrysler Cor- 
poration, Trenton, Michigan. 
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NEWS FROM ADVERTISERS 


(Continued from page 192) 
ROUGH TOUGH seat otf mo-t tractors. Other indicated features include wide flare 


boards and a slanting front board that extend above the sides to 
» prevent spilling during transport to the field; an inverted arch that 
2, See eliminates the need of bracing over the top cylinder, making it 
possible to haul extra high loads without danger of clogging; a 
Cae specially designed main cylinder for tearing apart tough matted 
ee or oe , ae chunks of material; a heavy-duty pintle type chain to drive the 
eee f ‘ee cylinders and widespread ; reinforced, replaceable widespread blades 
to resist bending and cover a 7-ft swath; and balance to minimize 
vertical load on the tractor hitch. 


Caterpillar Bulldozer Catalog 


A 36-page catalog of Caterpillar bulidozers and their attach- 
ments has been published by Caterpillar Tractor Co., Peoria, Il. 
(Copies are available from Caterpillar dealers or from the 
Company). An encyclopedia on bulldozers, the catalog contains 
model views showing every size and style of bulldozer made by 
Caterpillar and cutaway views illustrating their features. Although 
brief specifications are printed with each model view, two pages 
in the back of the book are devoted to detailed specifications of 
all Cat bulldozers made for both track-type and wheel-type tractors. 
Important components of hydraulic and cable controls necessary 
for Caterpillar dozers also are pictured and their manufacturing 
processes briefly discussed. Bulldozer attachments, such as the 
brush, root and rock rakes, the treedozer and the stumper, manu- 
factured by Fleco exclusively for Caterpillar, are also discussed in 
the catalog. 


Three New Farm Tractors 
Deere and Co., Moline, Hl., has announced as in production 
three new farm tractors, the 40 series. Models 40 standard and 
10 tricycle-type are general-purpose tractors designed to furnish 
complete power for small to medium-size farms; helper power 
for larger tarms. Lhey are rated as iull two-plow tractors in most 
soils. They replace the Models M and MT, respectively, in the 
v4 igs PS sVaihiw John Deere tractor line. The 40 crawler is a new  track-type 
4 a 4 a , a model that replaces the MC. The engine in all three tractors is 
the same and produces about 15 per cent more power than the 


MILSCO BRINGS you NEW engine in the models replaced. 


Among the new features of the 40 series general-purpose 


IN SEATING COMF models ts the advanced-type three-point hitch for a new and com 
“ pletely modern line of low-cost John Deere “quik-tatch’’ imple- 
ments. The new hitch is built with extra strength throughout and 
features a turnbuckle-type upper hitch link which makes hooking- 
COMMANDER NO. 1144 up easier and provides fore-and-aft leveling of tools from the 
With or Without tractor seat. In addition to a full line of new integral Joha Dee.c 
working tools, which are being built by other John Deere fac- 
Fore and Aft tories, the 40 series tractors will take tools made for most other 
Attachment tractors having a standard 3-point hitch. 

Both of the new 40 series general-purpose models are regularly 
equipped with an advanced system of load-and-depth control, 
which works through the Deere “touch-o-matic’ hydraulic system 
to provide more flexible operation of integral implements. The 40 
tricycle-type tractor has a dual “‘touch-o-matic’’ system which pro- 
vides individual control of cultivator sections right and left —a 
big advantage when working point rows. 

The new 40 crawler tractor, in addition to 15 per cent more 
power than the MC tractor which it replaces, offers new styling, 
new comfort and convenience for the operator; new accessibility 
for easier servicing; faster reverse speed, and larger fuel tank. 

(Continued on page 196) 


Improved driver-comfort is one of today’s major 
engineering objectives . . . and Milsco can help 
you to step up the man-work-factor of your equip- 
ment with job-fitted cushion seating. Milsco Cushion 
Seats are the developments of years of experience 
in designing and manufacturing heavy duty cushion 
seats for all types of mobile equipment. Our field 
studies of enduring cushioning materials and con- 
tour body support may prove of important value 
to you. Write us about your seating problem now. 


Sold Only to Original Equipment Manufacturers 
ESTABLISHED 1924 


MILSCO MANUFACTURING CO. 


' 2732 N. 33rd ST., MILWAUKEE 45, WIS. 


Deere 40 tricycle-type two-plow general-purpose tractor 
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ONE-STORY LOAFING or stanchion barns con 
be built quickly, with lew labor cost, using fac- 
tery cut ond drilled Rilco Tied Arches. interior 
arrangement can be changed easily, since there 
are no supporting pests. 
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EVERY SQUARE FOOT of fleor space is usable 
—machinery is moved in and out quickly— 
because Rilco Type 75 Tied Arches need no 


| 
| 
| 
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ico tied arch cuts 
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: interior supports. Doors and windows can be 
i lecated anywhere the builder desires. Sidewall 
can be of frame er masonry construction. 
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Lamcnatec. PRODUCTS, INC. 


2506 FIRST NATIONAL BANK BUILDING 
ST. PAUL 1, MINNESOTA 


AGRICULTURAL ENGINEERING for March 192 3 


A wide variety of flexible, modern farm buildings can 
be economically constructed with the new Type 75 
Tied Arch. Since the interiors have no posts or girders 
there is no wasted space. They are easy to clean out 
with power equipment, and conversion from one use 
to another requires minimum labor and expense. 

The new Rilco Type F 75 Tied Arch is an engineered, 
prefabricated rafter unit. It is fabricated from selected, 
kiln-dried West Coast Douglas Fir. Arch segments, 
tie and hangers are precision-cut and drilled at the 
factory. Thus they can be assembled on the farm, in 
very little time— which keeps construction costs down. 
They are relatively light in weight for easy erection 
without special labor or equipment. Since they are 
spaced 2’ o.c., nominal 1” sheathing can be nailed 
directly to the arches and, if desired, a ceiling can be 
applied to the tie members. 

A straight section on either side of the ridge permits 
you to use any type of roof covering — wood, asphalt 
or asbestos shingles as well as roll or sheet metal 
roofing. Low center height of the arches gives a mini- 
mum of waste space above the eaves, and a ceiling 
nailed to the ties keeps heat loss very low. 


——- ; 
Ca 
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DIME? 4 8 cO Tyee TIED ARC? 


Length of 
Span (A) Center Chord 


height (B) length (C) coction (0) 


Number of hangers 
and spacing (E) 


24 13’ 415° 6’ 2 hangers spaced 8° oc. 


28 15’ 8° 6’ 6" 2 hangers spaced 9’ 4° ox. 


2 hangers spaced 10’ oc. 


19° 9%" 4 5%" 


3 hangers spaced 8’ 6” o.c. 


4 
5 
3’ 16° 8%" 7’ 
8 
8 


20’ 10%" S’ $%" 3 hangers spaced 9 ~— o.€. 


22’ 10%" 7’°7"”’ 4 hongers spaced 8’ = oc. 


Mail this coupon for full information 


Rilco Laminated Products, Inc. 
2506 First National Bank Building, St. Paul 1, Minnesota 


@Please send me additional information 
about the new Rilco Type F 75 Tied Arch. 


Name_ 
Address___.___ 
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for Your Money 


WITH GALVANIZED 
ROOFING and SIDING! 


Wie) ]] 


a MN 


STRENGTH OF STEEL adds structural 
rigidity to farm buildings. Takes the 
hard knocks and rough treatment. 


RUST RESISTANCE OF ZINC! 
It’s the zinc that stops the rust. Get 
the heaviest zinc coating you can buy. 
Authorities agree that the heavier the 
zinc coating, the longer the rust-free 
service. 


STAYABILITY — Galvanized sheets 
stay put as only galvanized sheets can. 
They hold at the nail holes. 


TIME-TESTED ECONOMY — More 
than Y% of all farm buildings in the 
U. S. are covered by galvanized roof- 
ing. Get galvanized sheets for long, 
trouble-free service, and for— 


SUPER SERVICE 

get the SUPER SHEET 
bearing this ‘Seal of Quality,” 
signifying at least 2 ounces 
of zinc per square foot. 


FREE... INSTRUCTION MANUALS 


WRITE: AMERICAN ZINC INSTITUTE 
324 Ferry Street, Rm. 02 
Lafayette, Indiana 


© Facts about Galvanized Sheets 
0 Directions for Laying Galvanized Sheets 
(0 Metallic Zinc Paint Protects Metal Surfaces 


Name 


Address 


City 
eeeeeeeeeeeeeeeeeeeeeeeeeee 
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NEWS FROM ADVERTISERS 


(Continued from page 194) 


Screw Conveyor and Feeder 
Booklet 


Link-Belt Co., 407 N. Michigan Ave., Chi 
, Ih, has made available in Book 2289 
comprehensive information on screw conveyors 
A copy of the book will be 
to designers and others who 
for it. The book gives detailed 
information, with selection tables 
and hotsepower formulas, layouts and arrange 
ments, dimensional data and part numbers, to 
pe rmit sé lection oft screw conveyors and SCcTEW 
feeders for many types of applications. Instal 
lation photographs show screw conveyors used 
for conveying, clevating, heating, 
mixing. Typical applications of specialized 
conveyor screws on farm and industrial equip 
mont are 
In addition to the 
tional-flight conveyor 
jority of the book shows many 
other the cut-flight conveyor 
screw tor mixing light granular or flaky ma 
terials, ribbon flight for sticky, gummy or vis- 
paddle conveyor screw for 
mixing, stirring or blending; and screws with 
tapered flight, double flight, short pitch, long 
pich, ete, all designed for special conditons 
There are drop-bot 
tom troughs (for quick 
cleaning), jacketed 
troughs (for heating, 
drying and 
dust - sealed troughs, 
flared troughs, rectan 
gular troughs and cast 
troughs. Engineering 
data and component 
specifications comprise 
S4 pages of Book 
2289. Many practical 
suggestions for cor 
rect selection and ar 
rangement of compo- 
nents are included 


cago 1 
and screw feeders 
request 

need 


scnt on 
have a 
engineering 


cooling and 


also shown 


and sec- 
the ma 


helicoid-flight 
screws used in 
installations, 


types such as 


cous substance s: 


cooling Pe 


Link-Belt screw-con- 
veyor and feeder 
booklet 


Plywood Farm Plans 


Douglas Fir Plywood Assn., Tacoma 2, 
Wash., has issued a catalog of Douglas fir ply 
wood farm plans. It is a 16-page book of 33 
plans for Douglas fir plywood farm structures 
and equipment ranging from a silo to a roll 
nest for poultry. The 33 plans were 
selected from more than 400 suggested plans. 
Every plan in the catalog shows a tested item 
in which plywood is used to best advantage 
from the standpoint of economy and ease of 
building. All the plans in the catalog were 
selected by agricultural engineers on the basis 
of their practicality in accord with modern 
screntihe farming practice. 

The catalog includes listings for hog houses 
and hog-handling equipment, cattle shelters, 
poultry feeders and brooder houses, grain and 
feed bulk-storage equipment, crop driers, freez 
ers and dehydrators. It also tells how to select 
the right grade of exterior fir plywood with 
waterproof glue for every use. A small number 
of the catalogs are available without charge, in 
quantity, they are $5.50 per hundred. 


away 


Three Spray Equipment Bulletins 


Sp:aving Systems Co., 3226 Randolph St., 
Bellwood, ll, manufacturers of the TeeJet 
line of farm spray nozzles, has just published 
three new bulletins featuring the BoomfJet 
Spray Nozzle, the GunJet No. 2 Spray Gun, 
and the Trigger TeeJet, copies of which will 
be sent on request 

Bulletin 65 gives information about the 
GunJet No. 2, the heavy-duty adjustable spray 
gun, for such applications as orchard spraying, 


cattle spraying, and the spraying of hard-to- 
get-at-weeds and scrub growth. This bulletin 
also describes the GunJet No. 2-A. Both spray 
guns are heavy-duty units for pressures trom 
30 to 800 Ib, one of the important features of 
which is the wide range of tips that 
may be used 


orifice 


Bulletin 66 presents for the first time com- 
plete flow charts and describes the BoomJet 
Spray Nozzle. For certain applications such as 

eed killing in grains and grasses or the spray 
ing of liquid fertilizers, the BoomJet may be 
tractor mounted to take the place of a spray 
boom. The single BoomJet nozzle will provide 
a spray pattern up to 66ft wide. The full 
range of capacities and spray pattern widths at 
different pressures is described in this bulletin 

Bulletin 67 
the 


gives complete information on 
comprehensive Trigger TeeJet line for 
1953, a hand-valve unit designed for use with 
hand-held or shoulder-held tank for portable 
spraying. The line includes five types of shut 
off valve assemblies plus a new assembly with 
strainer built into the handle 


Herringbone-Gear Drive Booklet 


Link-Belt Co., Chicago 1, IL, has published 
—auid will send on request to interested readers 
—a new 36-page book (No. 2519) on herring- 
bone-gear drives. It offers detailed information 
about Link-Belt single, double and_ triple- 
reduction enclosed herringbone-gear drives, 
widely used to transmit power at required 
speeds to conveyors, line shafts, blowers, 
pumps, agitators, hoists, machine pro- 
cessing machines and other industrial equip- 
ment. Installation photographs show examples 
ot these drives in many types of heavy-duty 
service. Drive housings are equipped with 
magnetized oil drain plugs to collect ferrous 
metal particles from the lubricant. Grease- 
lubricated seals at all shaft openings prevent 
entrance of dirt or water into housings. Roller 
bearings are used throughout. All double and 
triple-reduction drives are now tandem-style, 
making possible a wide number of available 
assemblies. High and low-speed shafts can be 
extended on either side of housing or on both 
sides if desired 


tools, 


The horsepower cating tables in Book 2519 
contain many new ratios. Ratings for input 
speeds of 720 to 1750 rpm are given for all 
drive sizes. Complete instructions for correct 
selection are provided, including new over- 
hung load tables and a table listing load classes 
for 170 types of machines. The book lists 39 
sizes of drives in $34 standard ratios, from 
2.84:1 to 326:1. Capacities range from 0.4 to 
2480 hp, and output shaft speeds range from 
2.2 to 623 rpm. Standardized packaged drives, 
with motor, basepiate, geared coupling and 
single, double or triple herringbone-gear drive, 
are listed with dimensions and NEMA motor 
frame numbers. 


Applicants for Membership 


(Continued from page 190) 


TRANSFER OF MEMBERSHIP GRADE 


Bocock, Forrest L.—Agricultural sales 
engineer, Appalachian Electric Power 
Co., Bluefield, W. Va. (Associate Mem- 
ber to Member) 


ExLey, I. $.—General sales manager, Flo- 
rida Ford Tractor Co., PO Box 1258, 
Jacksonville, Fla. (Associate Member to 
Member ) 

Harris, MARLIN J., Jr. Senior layout 
draftsman, Harry Ferguson, Inc. (Mail) 
9216 Prevost, Detroit 28, Mich. (Asso- 
ciate Member to Member) 

WirHerSPOON, D. F.—Lecturer, agricul- 
tural engineering dept., Ontario Agricul- 
tural College, Guelph, Ont., Canada (Af- 
hliate to Associate Member ) 
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viet teat nd adjustable support. 
Telescoping shaft™ ind “movable bearing 
atx — 


Main gears, cam and roller 


A New Big Brother Joins the World’s 2=:ccucm 


Most Popular Spreader Family “""*~ 


* t It's a bigger New IDEA SPREADER with POWER TAKE-OFF to 

3 provide constant and controlled power, giving unheard of 
spreader spreading control. 

¢ from eve The makers of the first successful ground wheel driven 

ry spreaders with positive widespread action announce a thor- 

New improved widespread distributor! angle oughly tested power take-off model that is engineered for 


tough service! This brand new P.T.O. Spreader holds 33% 
to 85° more than other New IDEA models. It gives wide 
selection of spreading speeds — four different feed ranges 
\ for each forward tractor speed. It completes a full line of 
spreaders — 4 sizes, handling from 65 to 120 bushel louds. 


NEw Jpea 


BCA Os ae en tran em 
FARM ico COMPANY 


Sturdy, strong-built to last! 


DIVISION ANG 1 CORPORATION 
COLDWATER, OHIO, U.S.A. 


Has wood sides and bottom with 
steel flares and end gate! 


No. 12-A 90 bu. No. 14-A 65 bu. No. 10-A 75 bu. § 
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run in an oil bath (in a sealed 
gear case) and transmit 
power to the spreading mech- 
anism. Drive shaft runs on 
: ball bearings, driven shaft on 
i tapered roller bearings. 
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our free copy. Lists 

ans for long-lasting 

Exterior a tage farm service build- 
i 


PARTIAL CONTENTS SEND TODAY for y 


@ HOG HOUSES “ 
@ FARROWING HOUSES 34 use-tested pl 


e@ HOG WALLOWS 


CALF SHELTERS ings available from leading agricul- 
° FREEZERS tural schools, Midwest Plan Service, 
@ BROODER HOUSES Douglas Fir Plywood Association. 
: pa ha paren mating includes illustration and 

etaile escription. For free copy, 
¢ ar ales write Douglas Fir hs emer Associ- 
ation, Tacoma 2, Washington. 


EXTERIOR-TYPE 
DOUGLAS FIR pe 


Farm Service Buildings 


with choice of over 400 
interchangeable orifice tips 


TO GIVE 4 
EXACT a 
PERFORMANCE  _,@e 
TO YOUR 
SPECIFICATIONS 


"eats 
Select and recommend TeeJet spray nozzles 
and orifice tips to be sure your customers 
obtain fully effective, lowest cost spraying. 
For every chemical or type of equipment: 
there's «a TeeJet type and capacity to meet 
your specifications exactly. TeeJet products 
include nozzles for spray boom and broad- 
cast spraying, GunJet and Trigger TeeJet 
spray guns, and strainers and related fittings. 


AS! SEC RAIN oN ae EE ER! re oma 
4 J " 
<a Die EO SSceeee ee a el ee he a. 


For complete information write for Bulletin 58 


i SPRAYING SYSTEMS CO. 


ss 


: - 3226 Rendoiph Street Bellwood, Mlinois 

. STRAIGHT 
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Personnel Service Bulletin 


The American Society of Agricultural Engineers conducts a Personne} 
Service at its headquarters office in St. Joseph. Michigan, as a ciearing 
house (not a placement bureau) for putting agricultural engineers seek- 
ing employment or change of employment in touch with possible employ- 
ers of their services. and vice versa. The service is rendered without 
charge, and information on how to use it will be furnished by the Society. 
The Society does not investigate or guarantee the representations made 
by parties listed. This bulletin contains the active listing of ‘' Positions 
Open’’ and ‘‘Positions Wanted'’ on file at the Society's office. and infor- 
mation on each in the form of separate mimeographed sheets, may be 
had on request. ‘‘Agricultural Engineer’’ as used in these listings, is not 
intended to imply any specific level of proficiency, or registration, or 
license as a professional engineer. 


Nore: In this bulletin the following —- still current and 
previously reported are not repeated in detail; for further informa- 
tion see the issue of AGRICULTURAL ENGINEERING indicated. 


Posirions OpEN — 1952 — OCTOBER—O-767-583, 785-591, 
774-595. DECEMBER—O-797-597, 876-599. 1953—-JANUARY— 
Q0-891-602. FEBRUARY — O0-907-605, 911-606, 7-501, 6-502, 
10-503, 11-504. 


Positlons WANTED—1952—-NOVEMBER—W-823-144, 810- 
145. DECEMBER—W-843-146, 832-148, 849-149, 866-150, 860- 
151. 1953—JANUARY—W-827-152, 884-154, 896-157,899-158. 
FEBRUARY—W-893-160, 895-161, 915-162, 16-2, 4-3, 13-4, 21-5, 
19-6, 26-7, 27-8. 


NEW POSITIONS OPEN 


CHIEF ENGINEER to supervise engineering design, and fabrication 
in organization manufacturing a specialized line of farm equipment in 
Midwest. BS deg in mechanical engineering, or equivalent. At least 5 yr 
experience as chief engineer, or assistant chief engineer with reliable 
concern in farm equipment or allied lines. Excellent opportunity for 
advancement. Age 40-45. Salary, five figure range. O-50-505 


GRADUATE RESEARCH assistant in rural electrification in agricul- 
tural engineering department of a north central state college. BS deg in 
agricultural engineering, or equivalent, and good scholastic record. Farm 
background and an interest in rural electrification problems. Appointment 
available immediately on acceptance of candidate. Salary $1372-80 on 
half-time basis. O-74-506 


AGRICULTURAL ENGINEER for sales engineering; and contact work 
with established seed and grain cleaning equipment manufacturer. West- 
ern location. BS deg in agricultural engineering or equivalent. Experi- 
ence in seed processing, sales, and letter writing desirable. Must have 
initiative and ability to meet people. Excellent opportunity for well- 
qualified man. Salary ¢4200 to start, progressive increases depending on 
value of services. O-82-507 


OPERATOR of demonstration coach to tour agricultural areas and 
gatherings of farm people. Operator is in full charge of coach, equip- 
ment, and demonstrations. BS deg in agricultural engineering or agri- 
culture. Farm background, single. Excellent opportunity for promotion 
in organization of a major producer of aluminum and aluminum prod- 
ucts. Age 20-26. Salary $350 per mo. to start, plus all expenses except 
laundry while on tour. O-73-508 


AGRICULTURAL ENGINEER to design, develop and test diversified 
farm equipment, principally power implements and allied items. Medium 
size Wisconsin manufacturer. Farm background and two to five years of 
experience in above. A favorable opportunity. Age 25 to 35. State qual- 
ifications and expected salary. O-99-509 


RESEARCH and design engineer to manage laboratory and aid in 
design and production of seat cushions, frames, and suspensions, with 
manufacturer and engineered transport seating. Experience in manufac- 
ture of springs desirable. Laboratory work includes use of strain gage, 
stresscoat, field vibration recording equipment, vibration table, and 
endurance machines. Salary open. O-102-510 


NEW POSITIONS WANTED 


DEVELOPMENT, teaching, or research in power and machinery or 
soil and water field with industry or public service, in South or South- 
west. BS deg in agricultural engineering expected in June, Louisiana 
Technological Institute, June, 1953. GS-5 engineering aid with SCS, on 
leave without pay to attend school. Previous experience with CCC, 
over 2 yr, U.S. Engineers, and Ordnance Engineers, 1% yr. War enlisted 
service in Army, nearly 2 yr. Married. Age 32. No disability. Avail- 
able in June. Salary $4800. W-29-9 


DESIGN, development, research, sales, service, or management in 
power and machinery, product processing, or refrigeration and air condi- 
tioning, with industry or public service in North, East or Central area. 
BS deg in agricultural engineering, 1950, University of Nebraska. Farm 
background. Refrigeration service work with other employers in 1947-48, 
for se\f part time since then. Research, development and testing on 
equipment and moisture control for cotton ginning. War enlisted service 
in U.S. Marine Corps 1940-46 and 49-50. Married. Age 31. No disabil- 
ity. Available June 15. Salary open. W-56-10 


DESIGN, development, or research in power and machinery with 
manufacturer, processor, distributor, or farming operation, in West or 
foreign location. BS deg in agricultural engineering, 1950, University of 
California. Associated with farm mechanization in California 10 yr. 
Mechanical cotton picker specialist 15 mo. Design and improvement of 
field machinery for pineapple production 14 mo. Naval aviation cadet 
16 mo. Single. Age 26. No disability. Available May 1. Salary open. 
W-67-11 


(Continued on page 200) 
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Big windows bring winter sunshine into this 
milkhouse. Thermopane helps keep it warmer 
in winter and cooler in summer. 


=i | . $ a. al ex, 
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nea J 
Suns'iine and food are the two big attractions here. Note 


how the chicks cluster in the sun and along the feeder. 


Consolidated Products Company uses 


— 
ae 


Calf pens on Consolidated’s farm are flooded with 
winter sun for warmth and dryness. The windows are 
Thermopane insulating glass--to keep more winter 
warmth inside. 


WINTER SUN FOR WARMTH AND DRYNESS 


in farm buildings 


Recently, Consolidated Products Company built 
new service buildings at Danville, Illinois. They 
have big windows facing south to flood interiors 
with warm winter sun. In summer, windows are 
shaded by a roof overhang. 

The windows are glazed with standard size units 
of Farm Thermopane* insulating glass. This double 
glass lets in radiant heat from the sun but traps 
convected heat inside the building. The greater 
heat brought in by the big windows, plus the greater 
retention of heat provided by the Thermopane, 
combined with the automatic ventilation systems 
means less moisture in the air. The resulting dry- 


ness benefits the health of the animals, reduces 


INSULATING 
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maintenance and prolongs the life of the buildings. 

The solar building principle, employing Thermo- 
pane, is being used successfully today in many 
kinds of farm buildings — dairy barns, milking par- 
lors and milkhouses, calf pens, poultry houses and 
broiler houses, hog and sheep pens. 

Thermopane insulating glass can be installed in 
fixed or opening sash. Standard sizes are available 
in economical sheet glass made especially for farm 
service buildings. It is sold by glass and building 
supply distributors and dealers all over the U. S. 
For full information write to Libbey-Owens:Ford 
Glass Co., 1833 Nicholas Building, Toledo 3, Ohio. 

FREE FOLDER 


“UAPROVED FARM BUILDING DAYLIGHTING ” 


Two Pones of Gloss 


Blonket of dry oir 


insulates window 


Bondermetic (metol- 
to-glass) Seal * keeps 
air dry and clean 
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_ A Packaged 
m WHEEL - HUB - SPINDLE - BEARIN: 
5 0=©— CO ASSEMBLY 
for LIGHT APPLICATIONS 


Pe at! i RL Gh BT ey AY DR Si: te nas bite 


This LOW COST, soundly engi- 
neered Economy Wheel is designed 
for loads averaging 750 lbs. per 
wheel. For original and replace- 
ment use on portable grain eleva- 
tors, light trailers, lime spreaders, 
sprayers etc., etc. 


98 gh o@0g 


ASSEMBLY PARTS 


(Left to Right) Rim and Disc, Spindle, 
Washer, Roller Bearing, Hub, Spacer, Roller 
Bearing, Washer, Cap and Locking Pin. 


MANUFACTURERS 


Here is a standard approach that relieves you of engineer- 
ing and procurement problems — and SAVES substantially 
on cost. Worth investigating. 


We Invite Your Inquiries 


A Handsome, Permanent Binder 
for AGRICULTURAL ENGINEERING 
$9.80 


Two or more 
$2.40 each 


One copy 


The ONLY binder that 

opens flat as a bound 

book! Made of durable 

imitation leather, nicely stamped on 

front cover and backbone, with name 

of journal and year and volume num- 

ber, it will preserve your journals 

vermanently. Each cover holds 12 issues (one volume). 

Yo your own binding at home in a few minutes. 

Instructions easy to follow. Mail coupon for full 
information, or binder on 10-day free trial. 


wwe ww we ee ee = = MAIL COUPON TODAY 


SUCKERT LOOSE-LEAF COVER CO. 
234 West Larned St., Detroit, Mich. 


Mail postpaid binders for Agricultural 


Engineering for years 

Will remit in 10 days or return binders collect. 
Name 

Address 

City State 
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Agricultural Engineers 


Development - Design - Research - Markets - Public Relations 
BoarD oF TrRave BLpG., CHICAGO 4, ILLINOIS .« .« Tel. HArrison 7-0722 


DOANE AGRICULTURAL SERVICE, INC. 
Research and Consultation Service for Farm and Industry 
Market Studies - Farm Testing - Farm Surveys - Farm Management 
Appraisals - Work Simplification Studies 
Doane Agricuitural Digest 
Box X, 5142 Delmar Blvd. St. Louis 8, Missouri 


RATES: Announcements under the heading ‘‘Professional Directory’’ in 
AGRICULTURAL ENGINEERING will be inserted at the flat rate of $1.00 
per line per issue; 50 cents per line to ASAE members. Minimum 
charge, four-line basis. Uniform style setup. Copy must be received 
by first of month of publication. 


Personnel Service Bulletin 
(Continued from page 198) 


DESIGN in power and machinery with manufacturer or farming oper- 
ation, any location. BS deg in agricultural engineering, 1951, Virginia 
Polytechnic Institute. Farm background. Machine design experience 19 
mo with Chemical Corps biological laboratories. Enlisted service with 
Infantry and Chemical Corps 2 yr, 1951-53. Single. Age 23. Near-sighted, 
corrected with glasses. Available August 1. Salary open. W-60-12 


EXTENSION, teaching, service, writing, or management in power and 
machinery or irrigation field with manufacturer, farming operation, or 
public service. Any location. Willing to travel. BS deg in agriculture, 
major in agricultural engineering, 1951, Ontario Agricultural College. 
Permanent list class teacher's certificate, 1940, Ontario Department of 
Education. Farm background. Elementary school teaching 5 yr before 
and after war. Farm machinery sales and service 4 mo. Cash crop 
farming 3 summers while in college and 2 yr since. War enlisted service 
nearly 4 yr, aircraft electrician, with RCAF. Single. Age 33. Vision 
corrected by glasses. Available July 1. Salary $4800. W-70-13 


EXTENSION, teaching, research, or management in soil and water or 
rural electric field with industry or public service, preferably in South, 
Southeast, or Southwest. BS deg in agriculture 1950, MS deg in agri- 
culture expected in June, major in agricultural engineering, University 
of Florida. Graduate fellow and instructor in farm machinery labora- 
tories. Office manager and coordinator of REA Coop, 5 mo. Clerk, Civil 
Service Commission, 17 mo. Owner and operator of general farm 1946. 
War enlisted service in Marines, over 3 yr. Korean service over 1% yr 
as communications officer, U.S. Army heavy tank battalion. Married. 
Age 32. No disability. Available June 10. Salary open. W-71-14 


DESIGN, development, research or management in farm structures or 
general building industry. Vicinity of Phoenix, Arizona, or in Rio Grande 
Valley. Architectural and mechanical engineer. College graduate. Farm 
background. Experience in building trades 20 yr, teaching 15 yr. Super- 
visory, Management and executive experience 10 yr. Special ability in 
architectural design and building construction. Experience in sales pro- 
motion and advertising. Experience in personnel management and labor 
relations. Age 52. No disability. Salary open. Available August or 
earlier. Member ASAE. W-79-15 


DESIGN, development, research, teaching or management, in power 
and machinery or farm structures field with public service agency, manu- 
facturer or processor, preferably in Southeast. BS and MS deg in agricul- 
tural engineering, 1950 and 51, University of Georgia. Farm background. 
Experience in high school teaching and in grain drying and cotton han- 
dling research. War enlisted service in Signal Corps nearly 3 yr. Married. 
Age 28. No disability. Available on reasonable notice. Salary open. W-85-16 


SERVICE, development, research, or design in farm machinery, rural 
electric, or soil and water field with private industry or public service 
BS deg in agricultural engineering, 1951, New Mexico A. & M. College 
Farm background. Field engineer 20 mo with fruit company Soil 
Conservation Service 3 mo, summer employment. Western Electric Co., 
9 mo installing central office telephone equipment. Junior college 1 yr 
taking electric technician course. Navy war enlisted service 2 yr as 
electrician. Married. Age 26. No disability. Available July 1. Salary 
$4000. W-68-17 


Better Living with LP-Gas. LP-Gas Information Service (11 S. 
LaSalle St., Chicago 3, Ill.). Household applications for heat, 
refrigeration and miscellaneous purposes are emphasized in this 28- 
page consumers bulletin illustrated in color. Pages on kitchen apph:- 
cations include floor plan layouts and sample recipes. 


Disinfection of Rural Surface Water Supplies with Chlorine, by 
J. H. Sorrels and P. J. A. Zeller. Texas Engineering Experiment 
Station (College Station) Bulletin No. 128 (Dec. 1952). This is a 
brief report on one of several studies on various phases of rural 
water supply and sewerage. It presents practical recommendations 
on semiautomatic chlorination with sodium hypochlorite bleach and 
a low-cost commercial feeding device combined with a sand filter 
and clear well. 
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@ The “third degree” is but a superficial 
scanning compared to the trials a ball bear- 
ing must withstand in New Departure’s 
Research Laboratory. Here, under conditions 
which pack years of normal use into a short 
time, engineers determine how to make the 
best ball bearings even better. 

Production bearings and experimental de- 
signs, alike, take this “torture treatment.” 
They are subjected to overspeeds and over- 
loads, intense heat and cold, day and night 
operation for protracted periods. 


Pdr dnd Nesealt 


Three decades of this search and research 
have produced the sealed rear wheel-bearing 
for motor cars, the self-sealed bearing for 
farm implement use, the tiny, jewel-like 
bearing for delicate instruments . . . and 
many other types to fit a host of applications. 
You can specify New Departures and know 
that they are right for the job. Keep your eye 
on the BALL to be sure of your BEARINGs! 


Vibration analyzer eliminates hu- 
mon error in scientific search 
for causes of noise in bearings. 


New Departure ball bearings are 
readily available at your equip- 
ment dealer or bearing distributor 
—supplied from the industry's larg- 
est network of warehouse stocks. 


NEW DEPARTURE © DIVISION OF GENERAL MOTORS © BRISTOL, CONNECTICUT 
Also Makers of the Famous New Departure Coaster Brake 
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Cylinder shaft of the J. I. Case hammermill, 
another farm machine in which the agricultural 
engineer has solved three of his biggest design 
problems by using Timken bearings. In this 
application, Timken bearings have special cush- 
ion cups to absorb heavy shock loads—provide 
bearing alignment despite variation in the posi- 
tion of the bearing seats. 


J. |. Case engineers lick hammermill shock load 


problems with cushion-cup TIMKEN’ bearings 


J. 1. Case engineers specified Timken” 


tapered roller bearings with cushion 
cups for the cylinder shaft of their 
hammermill to meet the shock loads 
always present in this type of equip- 
ment. Made of a special ring of syn- 
thetic rubber bonded to the bearing 
cup, this cushion gives extra protection 
against shock loads. Constant bear- 
ing alignment is assured despite varia- 
tion in the position of bearing seats. 

Extra load-carrying capacity comes 
from the line contact between roll- 
ers and races of Timken bearings. 
Their tapered construction enables 
them to take both radial and thrust 
loads in any combination. And 
Timken bearings make closures more 


The farmer's assurance 


of better design QF = 


effective by keeping housings and 
shaft concentric. Lubricant is kept 
in; dirt and dust out. 

Three of an agricultural engineer's 
biggest problems are solved by 
Timken bearings: 1) dirt, 2) com- 
bination loads, 3) ease of operation. 
And implement users are assured of 
longer implement life, less chance 
of breakdowns in the field, higher 
speeds and less frequent lubrication. 

For more information about Timken 
bearings, write now for your free 
copy of “Tapered Roller Bearing 
Practices On Current Farm Machin- 
ery Applications’. The Timken Roll- 
er Bearing Company, Canton 6, Ohio. 
Cable address: “’TIMROSCC”. 
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im EVERY NEW FARM TRACTOR HAS TIMKEN BEARINGS; MORE AND MORE IMPLEMENTS ARE USING THEM, TOO! — 
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